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INTRODUCTION 


The present investigation of the wilt of gipsy-moth caterpillars 
(Porthetria dispar I,.) was undertaken in the hope of obtaining results 
of economic importance. Two questions that have caused consider- 
able speculation are, When did wilt first appear in the United States? 
and How did it get here? The gipsy moth was brought from 
France to Medford, Mass., in 1869, but it did not become a very serious 
pest before 1889, when active suppression work was begun by the State 
of Massachusetts. However, there is no account of the appearance of 
wilt prior to 1900, although old State records and documents have 
been gone over very thoroughly. The writer has talked to a num- 
ber of people, but no one seems to have seen wilt before 1900. 
Among these was Mr. C. W. Minott, who has had much experience with 
the gipsy moth since 1894. In response to an inquiry of the writer in 
regard to the history of wilt, Prof. Charles H. Fernald, of the Massachu- 
setts Agricultural College and formerly entomologist of the Massachusetts 
State Board of Agriculture, wrote as follows: 

From the first noticeable outbreak of the gipsy moths in Medford in 1889 up to 1900, 
when the legislature closed the work, I was in close touch with it and spent all the 
time I could spare from my college work here. During that time I neither saw nor 
heard of the “‘wilt’’ disease nor of anything in any way resembling it. I went down 
there every week and was around with the men in the field in every part of the infested 
region, and if either they or the field director had noticed anything of the kind they 


would surely have told me, for they all knew that we were hunting for and breeding 
all the parasites we could find. 


1 The writer desires to express his thanks to those who rendered him valuable assistance in his work: 
Prof. William M. Wheeler, for his encouragement and advice; Prof. Charles T. Brues, for his helpful criti- 
cisms; Mr. A. F. Burgess, Director of the Gipsy-Moth Laboratory, Melrose Highlands, Mass.; Dr. J. W. 
Chapman, who assisted the writer in investigating the etiology of the wilt disease; Miss Teresa Sheerin; 
and Mr. J. J. Culver. 
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How the wilt of gipsy-moth caterpillars was brought to this country 
will probably always remain a puzzle, but many possibilities suggest 
themselves. Wilt and Wipjfelkrankheit, a disease of the European nun- 
moth caterpillars, may be identical, and the disease may have been intro- 
duced on trees and shrubbery or other material. This is not at all 
improbable, for when caterpillars die and disintegrate on trees, the virus 
may dry on them, making it easy for the disease to gain entrance into 
this country on shipments of plants. This seems very likely in the light 
of recent investigations by Escherich and Miyajima (4) and Prowazek 
(12) on the long resistance to drying of the virus of Wipfelkrankheit and 
Gelbsucht. 

Then, again, wilt may have been introduced from its original source 
with the parasites in 1905, when the State of Massachusetts, in coop- 
eration with the Federal Bureau of Entomology, imported large num- 
bers of parasites and natural enemies of the gipsy moth from its native 
homes in Europe and Japan. ‘The first definite printed record of the 
wilt disease is the one given two years later by Howard and Fiske 
(9). One of the tachinid flies, Compsilura concinnata Meig., in the vari- 
ous stages of its life history is especially well adapted to aid in the rapid 
dispersion of the disease. This imported parasite and others which are 
spreading rapidly may be the cause of the prodigious increase in wilt 
mortality since 1907. 

Finally, the wilt of the tent caterpillar and that of the gipsy moth may 
possibly be identical, and the latter, though not previously affected, for 
some reason may have become susceptible to the disease of the former. 
This last theory does not seem very plausible, however, and ought not 
to be considered seriously till we have experimental proof of the identity 
of the wilt diseases of the tent caterpillar and gipsy moth. 


DISTRIBUTION AND EPIDEMIOLOGY OF WILT 


There is every reason to suppose that the wilt is distributed over 
the entire territory infested by the gipsy moth. In the summer of 
1913 the writer personally visited places in Maine, New Hampshire, 
Massachusetts, and Rhode Island during the caterpillar season and 
found the disease to a greater or less extent in all these States. To be 
absolutely certain, material was always collected from the points visited 
and was later examined microscopically for polyhedra (p. 104). The field 
men of the Bureau of Entomology scattered throughout the area of infesta- 
tion sent in diseased material from localities which the writer was unable 
to visit. In this way records of some 112 separate localities where the 
disease occurred, including the writer’s observations, were obtained. 

At present the gipsy-moth-infested area in Maine embraces about 
4,850 square miles; in New Hampshire, 4,960 square miles; in Massa- 
chusetts, 4,975 square miles; and in Rhode Island, 450 square miles. 
Wilt, based on microscopical examinations, was found in 4 places 
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visited in Maine, 15 in New Hampshire, 90 in Massachusetts, and 
3 in Rhode Island. That the number of infested places in Massachusetts 
given above exceeds those of New Hampshire is probably owing to the 
fact that 75 more places were studied in the former than in the latter 
State and that the number in New Hampshire exceeds that in Maine is 
due to a similar reason, for 11 more localities were visited in New Hamp- 
shire than in Maine. In short, the disease was found wherever close and 
continuous observations were made, with the possible exception of one 
or two places, but even these were doubtfully healthy. 

The epidemiology of wilt is not noticeably different from that of 
Wipfelkrankheit, for the writer was able to confirm most of the field ob- 
servations of Wahl (18), Tubeuf (14, 15), and others who have studied the 
nun-moth disease. When a territory becomes heavily infested, an 
epidemic occurs sooner or later, for these larve defoliate all the 
trees and later many congregate in masses on the trunks. Naturally 
when the disease breaks out in such a mass most of the caterpillars 
become infected, and since they are everywhere abundant and are 
crawling around in search of food, infected individuals rapidly spread the 
disease. The lack of food, which is necessarily brought on by defoliation, 
furthermore, causes caterpillars to lose their vitality, producing greater 
susceptibility to the disease. Gipsy-moth caterpillars mature in July, 
when it is usually very hot, and after having stripped a tract of woodland 
of its leaves, they are almost entirely exposed to the sun’s rays. Esche- 
rich and Miyajima (4) have shown experimentally that sunlight can 
convert the chronic into the acute form of wilt, and one can readily 
become convinced of the accuracy of this observation by visiting a heavily 
infested, stripped piece of woodland during a hot spell. Thousands of 
gipsy-moth caterpillars that have died of this disease will be found 
hanging to limbs and tree trunks (Pl. XI). There will be an enormous 
reduction in the number of adult moths and consequently in the number 
of egg clusters, but a complete extermination does not take place, owing 
in part to the immunity of certain individuals (p. 124). 

In a lightly infested woodland the conditions are different. Here the 
caterpillars are much more widely separated and an epidemic is not pro- 
duced. There is sufficient food throughout the season, and the trees 
are never completely defoliated; hence, caterpillars can always find cool 
places in which to rest during the midday heat. Yet even in such a 
favorable locality a few caterpillars will die, but the mortality as a whole 
is small in proportion to the number of individuals; many apparently 
escape infection, and most of the next generation will escape likewise the 
following year, unless the increase of caterpillars produces an epidemic. 

Wilt is more prevalent among the older caterpillars for the reasons 
given above, but younger caterpillars also die of the disease, as is shown 
by field observations during the season of 1913, when a few typical 
cases were found as early as May 27, at which time the temperature 
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ranged between 51° and 69° F. Of course, it has been known for a 
long time that first and second stage caterpillars will die of the wilt when 
kept in a warm laboratory under unfavorable conditions, but the fore- 
going observations demonstrated that sometimes these caterpillars will 
succumb in the field even under what seem to be most favorable condi- 
tions. Many small caterpillars die of starvation, especially on coniferous 
trees, and many undoubtedly meet death after exposure on a cold night; 
therefore no diagnosis will be valid unless made microscopically for the 
polyhedra described below. 

In some localities studied during the summer of 1913 wilt did not 
appear until very late in the season, when most of the caterpillars were 
full grown and pupating. In an infestation near Provincetown on Cape 
Cod, Mass., no indications of the disease were found till the very last 
of July, when the caterpillars were beginning to pupate. The colonies at 
Provincetown are isolated from the remaining infestations in Massa- 
chusetts and it seemed likely that the disease had not spread to this 
locality, but visits during the latter part of the season demonstrated the 
existence of true cases of wilt. Provincetown faces the Atlantic, and the 
rather cool climate may have kept diseased individuals in a chronic con- 
dition for a long time. That is the reason wilt was not noticed earlier. 
This example is cited simply to show how careful one must be in pro- 
nouncing a locality healthy. 


PATHOLOGY OF WILT 


When a caterpillar dies of wilt, all of its tissues are in a state of dis- 
organization. The intestine is the last internal organ to disintegrate, 
owing to the fact, perhaps, that it is capable of resisting the fermenta- 
tive or toxic character of the virus longer than the remaining tissues. 
If a smear of the brown liquid from a dead caterpillar is examined 
microscopically with a high-power dry or oil-immersion lens, it will be 
found to contain, besides the elements of disorganized tissues, myriads 
of polyhedral bodies of various sizes. (Pl. XII, fig. 1, and text fig. 1.) 
The average polyhedron measures from 1 to 6m in diameter, and the 
individual faces of such a single body vary also. Certain polyhedra 
have been found to measure 4p and less, while still others reach the 
size of 154. If there is plenty of liquid on the slide, air currents will 
cause the polyhedral bodies to turn over and over, so that one can obtain 
excellent views of all their faces. Their shape varies as much as their 
size, but in general the form is that of a polyhedron, with more or less 
rounded angles. They never assume the shape of a perfect sphere, and 
an actual geometric outline has never been observed, as is the case with 
the silkworm polyhedra, which are almost perfect octahedra. (PI. XIII, 
fig. 1.) In general appearance the polyhedra of the gipsy moth are more 
like those of the nun moth than those of the silkworm. 
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The wilt polyhedra are highly refractive, and on focusing they are seen 
to have a denser center differentiated from a somewhat lighter peripheral 
mass. Sometimes within the bodies concentric layers like those of an 
onion are observable. Often two polyhedra are seen adhering to one 
another, as if in the act of dividing (Pl. XIII, fig. 2), but an actual 
division in a hanging-drop has never been noticed, although several 
preparations were kept upon the microscope stage under continual ob- 
servation for more than six hours. When pressure is applied to the 
cover glass, the polyhedra crack very readily into a number of pieces 
(Pl. XIII, fig. 3-10), and often without the application of pressure the 
same fragmentation may be observed to occur somewhat more slowly. 
In the latter case a notch appears at one side of the polyhedron, which 
gradually lengthens into a line progressing slowly toward the other side, 
much like the cracking of ice. 
Usually before the line has com- 
pletely separated the two halves 
other lines appear, and soon the 
entire polyhedron is divided into 
a number of pieces, which may 
separate or may stick together 
in a rosette-like fashion. At no 
time was anything observed to 
come out of the polyhedra when 
they crackedin this manner. If 
the cover glass is moved while 
applying a little pressure, one 
half of the polyhedron may 
sometimes be folded upon the 
other half without the cracks F's. 1-—Drawing of polyhedral bodies as seen in smears 

P Pp an of “ wilted ’’ caterpillars. 
appearing, showing that it is 
composed of a tough substance and is not at all brittle, like inorganic 
crystals. 

The only objects in a fresh preparation with which one could possibly 
confuse the polyhedra are the fat globules and urate crystals, but with 
a little practice these may be readily distinguished. Fat globules are 
perfectly spherical and are therefore unlike the polyhedral shape of the 
bodies in question; but, when in doubt, Sudan III was used, for in this 
stain the fat globules become red, while the polyhedra remain colorless. 
The urate crystals are often more acutely angular or are of an entirely 
different shape from the polyhedra and are frequently traversed by 
radiating lines (Pl. XIII, fig. 11-18). 

Besides polyhedral bodies, fat globules, and urates, a smear from a 
newly “wilted” caterpillar contains cellular débris, hairs, and pigment 
granules. The pigment granules must not be confused with bacteria, 
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for many of them superficially resemble these organisms very closely. 
When a preparation is dried, mounted, and examined under oil, the 
pigment granules of the gipsy moth may easily be confused with micro- 
cocci, owing to the fact that they are usually arrayed in pairs. Asa 
matter of fact, a smear made from a recently wilted caterpillar is almost 
devoid of bacteria, and in many cases none at all can be found. If 
bacteria are found, they have escaped into the body cavity through rup- 
ture of the intestine and bear no direct etiological relation to the disease, 
as will be shown later. The very minute, double, dancing granules in a 
fresh smear, apparently neither pigment nor bacteria, will be treated 
in more detail in later pages. 

In fixed and stained smears a number of things can be demonstrated 
to advantage within the polyhedra. Fixation was accomplished either by 
passing the preparation through a flame or by placing it in absolute 
alcohol for a few minutes. The smears were then stained in Giemsa’s 
solution for 12 hours or were stained for a shorter period with one of 
the following dyes: Methylene blue, trypan blue, gentian violet, carbol 
fuchsin, Bismarck brown, or iron hematoxylin. When iron hematoxylin 
was used, the preparation was first mordanted in a 4 per cent ferric-alum 
solution for two or three hours. Gram’s method of staining, Moeller’s 
spore stain, and Welch’s capsule stain were also tried, but these were 
of no greater advantage than the simpler ones given above. After 
staining, the preparations were sometimes quickly passed through the 
alcohols to xylol before mounting. This not only clears everything, but 
dissolves away all the fat, thus increasing the transparency of the prepara- 
tion. ‘The polyhedra are very resistant to stains in general and usually 
color along the periphery only, unless the stain is applied for a long time. 
On so doing one can succeed in staining the entire polyhedron, especially 
after the use of some mordant like ferric alum before haematoxylin or 
anilin water before gentian violet. Steaming the preparation with a 
stain like carbol fuchsin has also given good results. 

When properly stained, one of three conditions is obtained: First, 
the polyhedral bodies are uniformly stained so that nothing can be 
detected within them; or, second, a uniformly darker staining central 
mass can easily be differentiated from an almost unstained outer sub- 
stance (Pl. XIII, fig. 19); or, third, many little refractive, reddish gran- 
ules are seen within the polyhedra (Pl. XIII, fig. 20). I have obtained 
very good preparations of these three conditions, especially by the use 
of iron hematoxylin, methylene blue, and gentian violet. An actual 
differentiation between what might be interpreted as nuclear and cyto- 
plasmic material within the polyhedra never occurs; therefore, in account- 
ing for the staining reactions the writer believes that at times the poly- 
hedra have a central granular or homogeneous substance easily dis- 
tinguishable from an outer substance which is more resistant to the dyes. 
This varies a great deal, however, for very often the periphery of the 
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polyhedra takes the stain more readily than the underlying strata. 
From these staining reactions it becomes apparent that the polyhedra 
of the gipsy moth are complicated in structure, thus not differing essen- 
tially from what Bolle (1) and Prowazek (12, p. 277-281) found to be 
true of the silkworm polyhedra. 

The polyhedra are heavier than water and consequently can be obtained 
in bulk by centrifuging aqueous emulsions of diseased material. By 
repeated washing and centrifuging, most of the fat, the cellular débris, 
etc., can be eliminated and the polyhedra obtained in a fairly pure stage 
for chemical tests. The writer has found, as did Prowazek (11) that 1 
per cent of sodium hydroxid or potassium hydroxid swells the polyhedra 
to about double their normal size and that the same granular mass 
observed above again becomes visible. After a time the granular mass 
flows together and disappears, a sort of shadow remaining. On treating 
the material with dilute hydrochloric or sulphuric acid, the granular 
mass reappears and flows together; then the periphery of the polyhedron 
dissolves away, and a shadow remains, which also quickly vanishes. 
The wilt polyhedra do not dissolve in hot or cold water, and are insoluble 
in alcohol, ether, chloroform, xylol, and glycerin, but are soluble in strong 
acids and alkalies. They do not blacken with osmic acid and do not 
stain with Sudan III and therefore contain no fat. Picrie acid stains 
them yellow, showing that they are related to the albuminoid substances. 

So far nothing tangible has appeared that would enable the writer to 
regard the polyhedral bodies as organisms, and therefore he believes them 
to be reaction bodies belonging to the highly differentiated albumins— 
namely, the nucleoproteids. It will be shown later that the polyhedra 
originate in the tissue nuclei; hence, the conception of nucleo- 
proteid reaction bodies does not seem unjustifiable. Furthermore, ex- 
periments discussed later in this article show that it is possible to infect 
caterpillars with material from which the polyhedra have been removed. 

Although the writer has examined thousands of stained smears of 
wilted caterpillars, he has never observed anything which could be asso- 
ciated with the chlamydozoa as described in 1907 by Prowazek (11). 
In his latest paper, however, Prowazek (12) himself says very little about 
the chlamydozoa and therefore seems no longer to be greatly impressed 
with their etiological importance. 


TECHNIQUE 


Before going into a detailed consideration of the pathology of the 
tissues, a description of a number of the fixing and staining methods that 
were used may not be out of place. 

The best results were obtained by the use of Giemsa’s stain, Schaudinn’s corro- 
sive-sublimate fixation being used whenever this stain was employed. Hot water was 


saturated with corrosive sublimate and allowed to cool. Two parts of this solution to 
one part of absolute alcohol constituted the fixing fluid, which was used cold. The 
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caterpillars, if small, were either punctured or split open dorsally before being put 
into the solution or, if large, were cut crosswise into three or four pieces and allowed 
to fix for 48 hours. After using the fixing fluid, the caterpillars were immersed in 
95 per cent alcohol, then in 100 per cent alcohol, and next in cedar oil, in which the 
material was cleared for 48 hours. The specimens were then embedded in paraffin, 
and sections were cut of the thickness of 2, 3, 4, or 5p. 

The process of staining and differentiation used is based upon Wolbach’s modifica- 
tion of Giemsa’s method.! The various processes to which the cut sections were sub- 
jected according to this method can be followed best in a numerical series. 

(1) Xylol; (2) absolute alcohol; (3) 95 per cent alcohol; (4) iodin alcohol (100 ¢. ¢. 
of 70 per cent alcohol plus 3 or 4 c. c. of a saturated alcoholic solution of iodin); (5) 
95 per cent alcohol; (6) distilled water; (7) hyposulphite of soda (0.5 per cent) in dis- 
tilled water; (8) washing sections in running tap water for five minutes; (9) rinsing in 
distilled water; (10) staining with Giemsa’s solution, changing stain twice at one- 
half hour intervals, leaving sections in third solution overnight (about 12 to 15 hours); 
(11) acetone-colophonium mixture for about one minute (this differentiates and 
consists of 30 gm. of colophonium to 200 c. c. of acetone); (12) acetone-xylol mixture, 
which stops the destaining and consists of 70 c. c. of xylol and 30 c. c. of acetone; 
(13) xylol; (14) mounting in thick cedar oil. 

The Giemsa’s solution was made from the stains of Griibler’s manufacture. At 
first the mixture was bought all ready ‘‘made up”’ by local chemists, but the results 
were unsatisfactory and too variable to be depended upon. It was not until the 
writer made his own mixture that Giemsa’s stain was a complete success. 

The stock solution is made up as follows: 


RO BNE sacs nica gulaten cas aietpatenisin oe ate dutentos meas 3. gm. 
WR BE a ieee rec ck wae eee Sams eatun are tees o. 8 gm. 
PT MUCUS. isis cekeewie Sauces eens ge weeane ees 375 gm. 
Glycerin (c. p.; Merck 'sep er. £.260)..6..00.52cr ec cccve ses 285 RR 
The staining solution is made when needed from the stock solution, as follows: 
POCO WOO sonics coor ns coor bis ea Painnieecenenwseiens sas MOMC. Ge 
PRT INNN UNI ins Gots ceo eac awn veel eeaaie eee are eae He eee. 


Stain, 40 drops from an eye dropper; 0.5 per cent sodium carbonate, 2 drops from 
an eye dropper. 

Another stain following the corrosive-sublimate fixation and giving very good 
results is Unna’s polychrome blue, which consists of a 1 per cent aqueous solution of 
methylene blue to which has been added 1 gm. of sodium carbonate. This is allowed 
“to ripen’’ for one week. Following are the steps in the staining process to which 
the sections are subjected: 

(1) 5 per cent aqueous w. g. eosin for 20 minutes; (2) Unna’s polychrome blue 
10 c.c. and 100 c. c. of water till the sections area deep blue; (3) tap water; (4) differ- 
entiation in 95 per cent alcohol containing 10 per cent of resin; (5) absolute alcohol, 
xylol, Canada balsam. 

Some good slides were obtained by fixing with Kahle’s fluid and by staining with 
iron hematoxylin and orange G: but this method was not as satisfactory as another 
one suggested by Prof. Gary N. Calkins, in which the material is fixed for an hour ina 
fluid consisting of 20 per cent of glacial acetic acid and 80 per cent of saturated aqueous 
corrosive sublimate. The sections are mordanted for 12 hours in a 4 per cent solution of 
ferric alum, after which they are stained in a 0.5 per cent solution of aqueous iron 
hematoxylin for 12 to 24 hours. No counterstain is used, for by differentiating with 
the ferric alum the staining can be stopped at a point where both nucleus and 
cytoplasm are nicely colored. 





1 Wolbach, S. B. The filterable viruses. A summary. Jn Jour. Med. Research, v. 27 (n. s. v. 22), 
no. 1, p. 1-25, 1 fig. 
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PATHOLOGY OF THE TISSUES 


As stated previously, owing to the fact that dead caterpillars disinte- 
grate completely, they can not be used for sectioning; so one has to rely 
entirely on living, diseased material. By sectioning large numbers of cater- 
pillars or by infecting a number of individuals and sectioning one every 
few days, all stages of the disease can be obtained. The writer has sec- 
tioned between 600 and 700 individuals in all stages of development, 
from the fully formed embryo within the egg up to the pupa. Polyhedral 
bodies have never been found in gipsy-moth eggs, although both appar- 
ently normal eggs and eggs that did not hatch were carefully examined. 
The pathological conditions in the post-embryonic stages—i. e., from the 
first to the sixth or seventh instars—were found to be exactly alike, 
showing that the pathology does not vary at different ages. 

If the anterior and posterior ends of an infected caterpillar be cut off 
so that the alimentary canal can be pulled out easily, one will find on 
examination under a low-power microscope that the trachea and its 
finer branches have grapelike clusters of rounded bodies attached to them. 
Upon examination under the high-power dry or oil-immersion lens, 
however, one finds that the clusters are simply masses of polyhedral 
bodies within the nuclei of the tracheal matrix cells. (Pl. XII, fig. 2.) 
The nuclei of these cells seem to be among the first to be affected, for 
often one will have no difficulty in finding polyhedral bodies around the 
trachee, when none will be revealed by a careful search in the other 
tissues. Later, the polyhedral bodies appear also within the nuclei of 
the hypodermal, fat, and blood cells. If the pathological nuclei in their 
earlier stages—i. e., before the polyhedral bodies have reached their final 
stage of development—are carefully examined under oil, many minute 
violently dancing granules will be found within them. The dancing 
granules may be particles of degenerated chromatic or achromatic sub- 
stance, but the activities are so violent even in a preparation from which 
all air currents have been excluded with vaseline that the writer is 
inclined to think that there was more than molecular motion and that he 
was confronted with the behavior of extremely minute micro-organisms. 
These granules are similar to those found in the fresh smears of dead 
caterpillars mentioned previously, in distinguishing between pigment 
and other more violently dancing particles. For reference to these 
bodies in stained sections, see page 110. 

Stained sections show that the polyhedra originate within the nuclei 
of the hypodermal, fat, tracheal matrix, and blood cells. The writer has 
been utterly unable to find polyhedra within the nuclei of the muscles, 
Malpighian tubes, ganglia, or nerves. It is also interesting to note that 
polyhedral bodies have never been found within the nuclei of gland cells, 
such as setiferous cells, intestinal epithelial cells, cenocytes, salivary 
glands, and gonads. 
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The formation of the polyhedral bodies within the nuclei of the four 
tissues above mentioned and the visible changes taking place within 
these nuclei may be described as follows: The first indication of a dis; 
eased nucleus seems to consist in the flowing together of the chromatin 
into a lump in the middle (Pl. XIII, fig. 21). Then out of the achro- 
matic substance the polyhedra arise as very minute individuals (Pl. XIII, 
fig. 22), which can be demonstrated to advantage by the haematoxylin 
method given under ‘Technique.’ By -this method the polyhedra 
are stained dark; by the use of Giemsa’s stain they are merely faintly 
outlined (Pl. XIII, fig. 23). At this stage Giemsa’s stain also clearly 
shows many little granules in the nuclei (Pl. XIII, fig. 23) which are 
identical with the dancing granules observed in fresh preparations. 
They stain red and are either single or double, thus resembling tiny 
micrococci. These granules may adhere to the periphery of the poly- 
hedra or may lie above, below, or in the spaces between them. ‘The 
formative polyhedra themselves stain slightly along the periphery with 
Giemsa’s stain. As the polyhedra increase in size, they become more 
and more refractive, do not stain at all finally, and the nucleus swells to 
an enormous size (Pl. XII, fig. 3; XIII, fig. 24). To obtain some 
idea of the comparative sizes of normal and pathological nuclei in the 
same tissue of the caterpillar, 12 normal and 12 pathological fat cell 
nuclei were measured. The normal nuclei measured between 6 and 13, 
the pathological nuclei from 7 to 29” in diameter. ‘The early pathological 
stages measured less than the later ones, and it is seen from the meas- 
urements that the late stages of the hypertrophied nuclei are more than 
twice as large as the largest normal nucleus. This swelling of the nucleus 
is due to the increase in size of the polyhedral bodies, which stretch the 
nuclear membrane. All the polyhedra seem to be in the same stage of 
development within an individual nucleus—that is, great differences in 
sizes between polyhedra within a single nucleus do not occur, but there 
are, of course, enormous variations in sizes between those of separate 
nuclei. The small polyhedra are somewhat rounder than larger indi- 
viduals, which can be accounted for by the fact that, as the polyhedra 
grow, they become so closely packed within a nucleus that they press 
upon one another and thus the more or less polygonal shape is produced. 
As the polyhedra grow and become more refractive, the little red gran- 
ules stained by Giemsa’s stain, as well as the remains of the chromatin 
lump, disappear and there remains simply the nuclear membrane inclos- 
ing the polyhedra (Pl. XIII, fig. 24). Sometimes the chromatin lump 
remains till the nucleus disintegrates, but most frequently it disappears 
before this event. The nucleus swells more and more, finally the nuclear 
membrane ruptures, and the polyhedra escape into the body cavity (PI. 
XIII, fig. 25). Thus, the polyhedra are found free in great numbers in 
smears of dead caterpillars. 
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Although these bodies are not formed within the nuclei of muscle, 
nerve, excretory, and glandular cells, it is not the intention to imply 
that no changes at all take place within these, for such is not the case. 
Their chromatin shows signs of degeneration, such as the flowing together 
into lumps, but the little reddish-staining granules were never found 
within them. This leads the writer to believe that the little granules 
are not products of nuclear disintegration—if they were, one would 
expect to find them within these nuclei also—but that they are of etiologi- 
cal significance. While, of course, they may be the vegetative stages and 
the polyhedra the resting stages of an unknown organism, there is 
nothing tangible which would substantiate the view that the polyhedra 
are directly related to these granules. The latter are not identical with 
those appearances described as being within the polyhedra (p. 106). It 
will be shown later in this paper that the virus passes through the pores 
of the Berkefeld filter, and since such a filter holds back polyhedra one 
might say that these have been satisfactorily eliminated and therefore 
are of no etiological significance; but this, it seems to the writer, is a nar- 
row view to take of the subject. The Berkefeld filtrate revealed little 
dancing granules which may be identical with those observed within the 
tissue nuclei. Now, as before stated, these filterable granules may be 
the vegetative stages and the polyhedral bodies the resting stages of an 
organism; or the polyhedra may be a secretion of a minute organism con- 
tained within. As long as there is no evidence, however, that the poly- 
hedral bodies are directly related to the filterable virus or to the little 
granules, the view that they are reaction products appeals more strongly. 
The virus invades the nuclei of the hypodermal, fat, tracheal matrix, and 
blood cells, and the polyhedral bodies arise, perhaps, as by-products of 
nuclear digestion and disintegration. When these four tissues disintegrate, 
it is an easy matter to conceive the disorganization of the remaining tissues, 
and, as stated previously, the intestine seems to be one of the last organs 
in the body to be so affected. 

The questionable little granules should not be confused with the pig- 
ment granules occurring in the hypodermal cells and in the ganglia. 
Since the pigment granules are larger and are never found within the 
nuclei, unless carried there by the microtome knife, they are very easily 
distinguished. Furthermore, the ordinary protein bodies often occurring 
in the spaces of the fat body and easily demonstrated by haematoxylin 
must not be taken for polyhedral bodies. Protein bodies stain perfectly 
black with hematoxylin, are of a round or a regular shape, and are never 
found within the nuclei. 

Polyhedra have never been found in the intestinal lumen. One would 
often expect to find them there, especially after artificially feeding 
polyhedral material to caterpillars, but this does not prove to be the 
case. However, their absence may be explained by the observations of 
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Bolle’ and Prowazek (11). Prowazek found that pepsin hydrochloric 
acid dissolves the polyhedra of the silkworm, and Bolle found that the 
juices of silkworm intestines dissolve them likewise, so that it is not at 
all improbable that the gipsy-moth caterpillars digest polyhedral bodies 
very rapidly. 

The only things found within the intestinal lumen of caterpillars are 
partly undigested leaf cells and occasional bacteria. The latter are 
sometimes found in great numbers in the intestines of caterpillars raised 
on abnormal food in the laboratory, but they are scarcely ever found in 
sections through diseased individuals taken in the field. Lettuce was 
frequently fed to caterpillars hatched in the laboratory in the winter, but 
this is unfavorable food, as cultures showed, being full of bacteria of all 
sorts, especially when after standing it begins to ferment. That bac- 
teria are not etiologically related to wilt will be shown more definitely in 
this paper. 

PATHOLOGY OF THE BLOOD 


Before considering the blood of diseased gipsy-moth caterpillars, the 
various elements in the haemolymph of normal individuals should be care- 
fully distinguished. For purposes of microscopical examination a drop 
of blood can be best obtained by pricking one of the caterpillar’s prolegs 
with a fine needle. In healthy animals the blood is clear; light yellow in 
males and greenish in females.” 

The morphological elements or blood corpuscles are represented by two 
main types. ‘Those of the first type are the ordinary round or amoeboid 
cells, amoebocytes (Pl. XIV, fig. 1, 2). An actual pseudopod-like 
streaming has never been observed, but, since we find such forms as shown 
in Plate XIV, figure 1, with foreign bodies within them (phagocytosis), 
there can be little doubt as to their mode of progression. Graber’s view 
(8) that the form of the leucocyte is due as much to the various blood 
sinuses as to its own individuality is not held by the writer. Graber says 
that the blood corpuscles are elastic, but that on their squeezing through 
narrow passages or sinuses this elasticity is broken down—that is, the 
corpuscles reach their elastic limit and are unable to reassume their 
natural sphericity. Hence, the various amoeboid and stellate cells are 
due to the shape and width of the passages traversed. It is, however, 
generally accepted that the blood corpuscles in most insects move tn an 
amoeboid manner, thus resembling the leucocytes of man. 

All of the blood corpuscles of insects possess a nucleus, and the leu- 
cocytes of the gipsy moth are no exception to this rule. The nucleus is 





1 Cited by Prowazek (11). 

2 For these interesting sexual differences in the color of caterpillar blood see the following papers: 

Geyer, Kurt. Untersuchungen iiber die chemische Zusammensetzung der Insektenhimolymphe und 
ihre Bedeutung fiir die geschlechtliche Differenzierung. Jn Ztschr. Wiss. Zool., Bd. 105, Heft 3, p. 349-499, 
fig. 58, pl. 20-22. Literaturverzeichniss, p. 488-499. 1913. 

Steche, O. Beobachtungen iiber Geschlechtsunterschiede der Himolymph von Insektenlarven. Jn 
Verhandl. Deut. Zool. Gesell., Bd. 22, p. 272-281. 1912. 
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difficult to see in fresh preparations; but, if a little acetic acid is added or 
if the corpuscles are properly fixed and stained, it can be very easily 
demonstrated. 

To the second type of corpuscle belong curious corpuscles filled with 
thick colorless globules (Pl. XIV, fig. 3, 4). This type is not so plen- 
tiful as the amoeboid, but one often finds two or three of them to a single 
field. They are nearly always spherical and never emit pseudopodia. 
At first the writer confused these corpuscles with the pathological forms, 
for the colorless globules within resemble polyhedra very much at times. 
They are perfectly normal appearances, however, and are similar to the 
‘“‘mulberry corpuscles’’ of Forbes (5) and to the corpuscles described by 
Cuénot in 1891 (2). Cuénot says, in his work on the grass egger (Gas- 
tropacha trifoliz) that the globules within the ‘‘ mulberry corpuscles”’ color 
yellow with iodin and present all the various albumin reactions. He 
further states that they are reserve amcebocytes and that various tran- 
sitional stages between them and the ordinary amcebocytes, in which the 
albumin (protein) globules accumulate gradually, can be detected. The 
“‘mulberry corpuscles” likewise possess a nucleus, which is surrounded 
by the protein bodies. This nucleus can be very easily seen by crushing 
the corpuscle (Pl. XIV, fig. 5). 

When a gipsy-moth caterpillar becomes infected with wilt, polyhe- 
dral bodies begin to form within the nuclei of the ameebocytes in a 
manner very similar to their method of formation within the nuclei 
of the tissue cells previously described. When the polyhedra originate 
within the nuclei of the blood corpuscles, they have the appearance 
shown in Plate XIV, figure 6. The same dancing granules referred to 
as occurring in the nuclei of tissue cells prior to the appearance of fully 
formed polyhedra were also noted within the nuclei of many corpuscles. 
In diseased caterpillars many corpuscles are encountered which have only 
one polyhedron, or several, within them (PI. XIV, figs. 7-9). Such 
individual or widely separated polyhedra were not formed within the 
nuclei of the blood cells, but were probably phagocytized by them on 
escaping into the hemolymph through rupture of certain tissue nuclei. 
Another pathological form of corpuscle encountered very often is that 
shown in Plate XIV, figure 10. Here the entire cytoplasm of the cell 
seems to have disappeared, having been used, perhaps, as nutriment by 
the virus, and all that remains is the cellular membrane and a nucleus 
containing several polyhedra. The writer is certain that this is a patho- 
logical condition of the corpuscles, for these cytoplasmic-free elements 
were never found in normal animals. 

As the disease progresses, more and more corpuscles become filled with 
polyhedra, and the number of polyhedra floating freely in the plasma 
increases appreciably. As stated above, these bodies escape into the 
blood through the disintegration of tissue nuclei, so that a large number 
of polyhedra in the plasma is a good indication of the final stage of the 
disease within the tissues. 
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Escherich and Miyajima (4) in their work on Wipjfelkrankheit con- 
sider the blood of nun-moth caterpillars as an absolute and reliable index 
of conditions existing within the tissue nuclei. Before using caterpillars 
for their experiments, these authors repeatedly examined the blood for 
polyhedra, allowing a stated interval to elapse between successive exam- 
inations. If the last test did not reveal polyhedra within the corpuscles, 
the caterpillars were diagnosed as healthy; if the blood contained poly- 
hedra, however, the animals were pronounced diseased and were dis- 
carded. Such a procedure consumes a great deal of time, and since time 
is an important factor in a working season that extends over only eight 
weeks this method was soon abandoned by the writer in his oe 
on gipsy-moth caterpillars. In order to procure healthy material, 
much more serviceable method, described in the section dealing with i 
infection experiments, was used. Nevertheless, in order to ascertain 
the accuracy of the blood test, the hamolymph of a large series of cater- 
pillars was examined, after which they were sectioned, that conditions 
within the tissue nuclei might be checked with the appearance in the blood. 
Table I gives the results of one series of experiments. 


TABLE I.—Results of blood tests and tissue examination of gipsy-moth caterpillars 








mg Examination of blood. Examination of tissue sections. 

1 | Moderate number of polyhedra in corpuscles. . .| Nuclei filled with polyhedra. 
2 do we ae Do. 

3 Dic vest ba ‘ ‘ ; Seek Do. 

4 do ee . Do. 

5 | Few poly hedra in corpuscles : iat Do. 

6 .do, } <n Do. 

7} Moderate number of polyhedra in corpuscles Do. 

8 | Large number of polyhedra in corpuscles and many free | Do. 

in plasma. 
9 | Few polyhedra in corpuscles. . ' ..| Nuclei normal. 
10 _ SRR rrr ; ae : éccties Do. 
11 | No polyhedra in corpuscles.................. sini Do. 
12 Moh 5 aad ork ta aaah mais a Wk Gai ROA | Do. 
13 | Moderate ‘number of poly hedra in corpuse les... ..| Nuclei filled with polyhedra. 
14 | Large number of polyhedra in corpuscles........ ; : Do. 
15 | Nopolyhedrain corpuscles , ..| Nuclei normal. 
16 | Moderate number of polyhedra in corpuse les. . re ... Nuclei filled with polyhedra. 
17 | Moderate number of polyhedra in corpuscles and a few Do. 
out in plasma. oe 
18 | Moderate number of polyhedra in corpuscles re Apts Do. 
19 do Do. 
20 | Moder ite number of polyhedra in corpuscles and a few Do. 
| _ within the plasma. | 

ot | Large number of polyhedra in corpuscles and a few out | Do. 


in plasma. 
Large number of polyhedra in corpuscles and many out | Nuclei filled with polyhedra and many 
in plasma. | nuclei disintegrating, thus freeing 

| polyhedra. 

23 | Large number of polyhedrain corpuscles................. | Nucleinormal. 

Large number of polyhedra in corpuscles and many out | Nuclei filled with polyhedra and many 
in plasma. | muclei disintegrating, thus freeing 

polyhedra. 


a ‘The words, ‘‘few,’’ “ moderate,’ and “large’’ in Table I are simply comparative terms that are also used 
by Escherich and Miyajima (4). A “few polyhedra within the corpuscles’? means an occasional find, 
possibly one or two scattered over many fields examined. By ‘moderate number”’ is meant two or three 
polyhedra within perhaps a third of the corpuscles in a field and represents also a few out in the plasma. 
Blood classified under “large number’’ gives a good picture of a caterpillar in the last stages of the disease, 
for nearly every corpuscle is beset with numerous polyhedra, and, likewise, many are floating about in the 
plasma. 
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It will be seen from Table I that the blood, in general, is a fairly reliable 
index of a caterpillar’s condition. Still, it must be noticed that under 
tests 9, 10, and 23 the conditions in the blood did not represent those of 
the tissues. However, not a single case was found where polyhedra were 
in the tissues, but not in the blood. Tests 9, 10, and 23 also indicate that 
the blood is the first tissue to be affected. This is to be expected, since 
infection, as will be shown later, occurs by way of the alimentary tract. 
The virus is ingested with the food and possibly passes through the 
epithelium of the intestine into the hamolymph, by means of which it is 
distributed to the other tissues. 

In 1913 both Dr. Chapman and the writer were fully aware of the 
impracticability of the blood test and also did not consider it an accurate 
means of diagnosing diseases of caterpillars. After more extensive studies, 
however, the conclusion has been reached that the blood test, though not 
irreproachable, is, nevertheless, a better index than it seemed at first. 
If used at all, the test must be made with extreme care, but, owing to the 
length of time it requires, it can not be used when one is working with 
several hundred caterpillars. 


ETIOLOGICAL INVESTIGATIONS 


In 1913 the problem was again attacked in the most critical manner 
from the bacteriological point of view. An account of all the work under- 
taken will not be given, as the results were entirely negative, not essen- 
tially differing from those obtained by Jones (10). After a caterpillar has 
been dead for some time, bacterial invaders enter and cultures are not diffi- 
cult to obtain; but the writer found, as Jones had, that, when attempts 
were made to isolate bacteria from caterpillars that had recently died in 
the field, the tubes remained sterile in most cases, and that, when a growth 
was obtained, the different species of bacteria isolated behaved as a non- 
pathogenic intestinal flora. Among all these attempts, no growth was 
obtained in tubes inoculated with material taken from the body cavity of 
living diseased animals. The media used, at varying degrees of acidity 
and alkalinity, included nutrient veal and beef agar and gelatin, bouillon, 
potato, and caterpillar soup. Anaerobic cultures were also tried, but the 
results were likewise negative. The bacteriological results bore a striking 
similarity to those of Tangl (13) and Wachtl and Kornauth (17) with 
Wipjelkrankheit and to the results of Jones (10) in his work on the 
gipsy moth. 

After having satisfactorily eliminated the higher parasites (nematodes, 
protozoa, etc.) and after obtaining negative results bacteriologically, the 
following possibilities suggested themselves: (1) Either the polyhedral 
bodies themselves are parasites; or (2) the etiological factor of the wilt 
disease is a minute filterable organism independent of the polyhedra; o1 
(3), if the virus is filterable, it may be genetically related to the polyhedra. 
The filterable-virus viewpoint seemed very promising, especially since 
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Prowazek (12) concluded from his experiments that it is sometimes possible 
to infect healthy silkworms with polyhedra-free filtrates. Since Escherich 
and Miyajima (4) and Glaser and Chapman (6) obtained negative results 
with Berkefeld filtrates and since Prowazek’s filtration results (12) were 
rather indefinite, the experiments of the writer will be discussed at length, 
for the reason that their success depended entirely upon proper attention 
to seemingly insignificant details. 


EXPERIMENTATION 


Small caterpillars are unfit for experimentation; so it is necessary to 
wait until they are in the fourth or fifth stage before they can be used. 
This delay adds somewhat to the difficulty, because at those periods cater- 
pillars are rapidly approaching pupation, and consequently the. experi- 
mental period becomes shortened appreciably. Furthermore, since the 
weather is usually hot at this time, wilt is very prevalent in most places, 
and many more caterpillars are infected than earlier in the season, when 
the weather is cooler. All the experimental material was obtained 
directly from the field, as caterpillars raised in the laboratory are 
unhealthy and utterly worthless. 

The first requisite for the experiments was to ascertain whether really 
healthy material could be obtained. As the lightly infested localities 
promised a greater number of healthy caterpillars than those heavily 
infested, a number of lightly infested localities were selected and collec- 
tions were made, provided the wilt disease was not in evidence. The 
caterpillars were placed in new wooden boxes and shipped directly to the 
laboratory. Sometimes the disease broke out during transit; the entire 
lot was then killed and another collection made. If the insects seemed 
healthy on arrival, they were placed in autoclaved trays and submitted 
to a rigid physical examination for four or five days. It has been shown 
by Escherich and Miyajima (3, 4) and Prowazek (11) that the incubation 
period of the polyhedral diseases depends very intimately on external 
conditions; in other words, heat, cold, starvation, poor food, etc., will 
very soon convert a chronic into an acute case. For this reason these 
caterpillars were divided into lots and treated in a variety of ways: Some 
were starved, others were fed with leaves soaked in water for 48 hours, 
while still others were subjected to the direct heat of the sun. If a single 
caterpillar died of the wilt disease during the course of any of these treat- 
ments, the entire lot was discarded and a fresh collection made; but if 
all remained healthy, as often proved to be the case, the animals were 
thought safe to use. This method of obtaining healthy individuals may 
have its faults, no doubt, but its effectiveness will at once become apparent 
when the experiments are carefully examined. 

Pasteboard boxes, 7 inches long by 5% inches wide by 5 inches deep, 
with a cheesecloth lid, were used in all infection experiments. Several 
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of these boxes can be conveniently placed in an autoclave at one time, 
and the heat of the steam effectively penetrates through the pasteboard, 
thus assuring sterilization. After sterilization, a vacuum is produced 
and the boxes are taken out in just as dry and solid condition as when 
first put into the autoclave. Every box was autoclaved before using, 
for, even if new, they may become infected in some way during transit 
from the factory to the laboratory. After the boxes were removed from 
the autoclave, they were placed in rooms which had never contained wilt 
material, and one caterpillar was introduced into each box. In order 
to have conditions as uniform as possible, all caterpillars belonging to a 
single experiment were kept in the same room, being fed with red-oak 
leaves during the entire period. Red-oak leaves remain fresh much 
longer after being picked than those of either black oak or white oak and 
were chosen both for this reason and because red oak is one of the most 
favored food plants of the gipsy moth. To preclude the possibility of 
introducing the disease by means of the food, the red-oak leaves were 
shipped daily from a locality not infested by the gipsy moth. 


SERIES I 


First-stage caterpillars, after having successfully passed their physical 
examination, were placed in their boxes on June 17 and were infected on 
June 18. Wilted caterpillars that had been collected a few hours before 
were ground up in a mortar with just enough sterile water added to facili- 
tate the grinding. The material was then strained through cheesecloth, 
after which it amounted to 4o c. c., and was divided into two lots of 20 
c.c. each. One lot was diluted with 25 times its volume, while the other 
was diluted with 50 times its volume of sterile water, in order to keep 
the pores of the Berkefeld filters free. A concentrated, unfiltered emul- 
sion of diseased material is so full of polyhedral bodies, cellular débris, 
hairs, and pigment granules that it very soon plugs up a filter. Concen- 
trated material, furthermore, is rather thick and slimy, and a film soon 
becomes deposited on the outside of the candle, thus withholding the 
virus. Both lots were then thoroughly shaken and filtered through paper 
filters by means of suction. This filtrate was passed through Berkefeld 
filters, grade N, and used for the infection experiments. 

The filtrates were always controlled culturally and in most cases 
remained sterile, in so far as bacteria were concerned. One must, of 
course, be careful to autoclave the Berkefeld filters and all receptacles 
before using them. One or two cases where bacteria were obtained from 
tubes inoculated with Berkefeld filtrates could be traced to faulty 
technique. After shaking the filtrate well, 2 or 3 c. c. were always 
centrifuged and the bottom sediment examined microscopically for poly- 
hedra; but these were never found, and nothing could be observed, even 
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in a dark field, except minute dancing granules, which may be identical 
with those mentioned under ‘‘ Pathology of wilt’’ as having been observed 
in diseased tissue. 

In the first experiment 10 caterpillars were fed with the 1 to 25 dilution 
passed through a Berkefeld filter, and 10 were fed with the 1 to 50 dilution 
passed through another Berkefeld filter. Twenty controls accompanied 
this series. 

Ten caterpillars were fed simply with the unfiltered 1 to 25 dilution, 
while 10 were fed with the 1 to 50 unfiltered dilution. Fifteen controls 
accompanied this series. 

The controls were treated in exactly the same manner as the other 
individuals, except that they were fed with material that had been 
sterilized by autoclaving. The infectious material was administered to 

the caterpillars in two ways: Either some of the liquid 

rv was sucked up in a sterile eye dropper, by means of 

which a drop was placed over the caterpillar’s mouth, 
or the oak leaves were submerged in the material 
before being placed in the trays. The first method is 
advantageous, for the reason that a large quantity of 
the virus can be administered. The caterpillar is 
held upside down and a drop is placed directly over 
its mandibles. These and the maxillez soon begin to 
move, and gradually the drop disappears. If cater- 
pillars are to be infected in this manner, it is neces- 
sary to avoid the period directly preceding a molt, as 
«9 they will not drink until this process has been com- 
pleted, Furthermore, if caterpillars have eaten shortly 





Fic. 2.—Curve showing . . i 
the mortality among before one wishes to infect them, it is difficult to make 


20 gipsy-moth cater- them drink; consequently the animals were usually 
pillars fed with the a . ‘ , 
wilt virus after filtra. starved for a few hours before infection. The second 


tion’ through the method is also good, and has the advantage of not 


Berkefeld filter. m s 
consuming as much time as the first. One can be 


certain whether or not they have eaten by examining the old, infected 
leaves before replacing them with fresh foliage. In the first experiment 
both methods were used, and since none died up to June 25, the insects 
were infected again on that date in exactly the same manner as before. 

In order to determine the effect of temperature on the incubation 
period,’ it was recorded daily at noon. 

Figure 2 shows the mortality of the 20 caterpillars fed with the 
Berkefeld filtrate. The ordinate represents the range of temperature 
between June 18, when the experiment was begun, and July 27, when it 
was concluded. In order to avoid unnecessary space, the abscissa rep- 
resents the day when the experiment was begun, the day on which 
caterpillars died, and the day on which the experiment was concluded. 





1 The term “incubation period”’ is used here as the time elapsing between infection and death. 
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The solid line represents the plot of the deaths from the wilt and the 
broken line deaths due to another cause. The number of daily deaths 
is inserted in the squares. When caterpillars died of the wilt disease 
on a certain day and others succumbed to other causes on the same day, 
a fraction is used, the numerator representing the number of deaths 
from the wilt and the denominator the other deaths. 

The interpretation of the curve follows: The experiment was begun 
on June 18; on June 27 one caterpillar died of the “other cause”’ at 79° 
F.; on July 1, at 84°, another caterpillar died from the same cause; on 
July 4, at 83°, one died of the wilt disease and two died of the “other 
cause;’’ on July 5, at 85°, two died of the “other cause;”’ on July 6, 
at 90°, four died of the wilt; on July 7, at 77°, one died of the wilt; on 
July 11, at 73°, one died of the ‘‘other cause;’’ on July 14, at 76°, one died 
of the “other cause;”’ on July 27, the day the experi- 
ment ended, at 80°, one died of the ‘‘other cause.”’ 

Summing up the results of this experiment, six 
deaths were caused by wilt, nine deaths were due 
to the “other cause,”’ one caterpillar escaped dur- 
ing the course of the experiment, and four female 
moths emerged. Just as soon as a caterpillar 
died, it was examined for polyhedra, and no death 
was recorded as having been caused by wilt unless 
these bodies were in evidence. It is certain that 
the deaths recorded by the broken line were not 
due to wilt, because the animals were not flagcid 
and did not disintegrate on handling; on the con- 


7/ 


62 
trary, their skin was very elastic and tough, and ~% 
. “1G. 3.—Curve showing th 
smears never revealed polyhedral bodies. Many *'0:3—Curveshowing the 
- ’ mortality among the 20 
round crystals with radiating lines (Pl. XIV, fig. 11, — controlgtpsy-moth cater- 


p , illars. Compare with 
12), however, were found. These,the writer believes, PY 3" Sompare wi 





figure 2. 
are a sign of some metabolic disturbance, and the 


deaths may have been caused by excessive heat coupled with dryness. 
Laboratory conditions are poor at best, and the food plants in the trays 
dried out rapidly, although replaced very often by fresh foliage. Thus, it 
seems that these deaths from another cause are simply a laboratory occur- 
rence, for nothing similar in the field has ever been discovered. The first 
series of experiments was performed in an excessively hot room below 
the roof, and, while not a single control insect died of wilt, nearly all the 
caterpillars succumbed to this general physiological disturbance. 
Attempts were made to isolate bacteria from caterpillars which died 
of wilt in the infection experiments, but in nearly all cases the tubes so 
inoculated remained sterile. This procedure always gave a good check 
against the platings made from the infectious material before it was used. 
Figure 3 shows the mortality of the 20 controls which accompanied the 
20 caterpillars fed with the Berkefeld filtrate. Of these, 19 died on 
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account of the physiological disturbance and 1 female moth emerged. 
Figure 4 gives the deaths among the 20 caterpillars fed with the unfil- 
tered material. Of these 17 died of wilt, and 3 of the “other cause.” 
Figure 5 shows the deaths among the 15 control insects that accom- 
panied the caterpillars fed with the unfiltered virus. All 15 died of the 
“other cause.’ Table II gives the results of this series of experiments. 


TABLE II.—Mortality among gipsy-moth caterpillars in laboratory experiments (series I) 
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@ Escaped. 


It will be seen that there are almost three times as 
many deaths from the unfiltered virus as from the 
Berkefeld filtrate. This shows that the wilt virus is 
filterable, but with difficulty. Although it would have 
been much more encouraging to have obtained moths 
from all the controls, still it is very significant that not a 
single control insect died of wilt. Noteworthy, also, are 
the four female moths obtained from the animals fed 
with the Berkefeld filtrate. 

No difference was noted in the rate * 
of deaths between caterpillars fed 
with the 1 to 25 dilution and those 
fed with the 1 to 50 dilution. 

Fic. 4—Curve show- While the caterpillars in the 
ee ee foregoing experiments were those 


caterpillars fed with used in the actual experiments in 
unfiltered wilt virus. 


var 





this laboratory, there were, never- 
theless, other caterpillars in trays in the same room. 
These were held in reserve as stock, but, since not 
a single one of them died of wilt, they may be | 2 
regarded also as controls against the experiments, L& 
for they were all placed in the trays on the same yi. 5.—curve showing 
day the tests were begun (June 18). They were not — themortality among the 
~e , 7 ay d 15 control gipsy-moth 
all the same age, however, and, hence, can not be caterpillars. Compare 
called controls in the strictest sense of the word. with figure 4. 

Figure 6 gives the mortality among 15 second-stage and third-stage 
caterpillars. Three were placed in each tray, and all 15 died of the 
“other cause.” 
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Figure 7 represents the deaths among 26 fourth-stage caterpillars 
obtained from Providence, R. I., in a lightly infested point which was 
supposed to be entirely healthy. The disease had not appeared in the 
field at the time the collection was made, and although 
all were kept in one tray, not a single caterpillar died of 
wilt in the laboratory. Twenty-five died of the “other 
cause’’ and one male moth emerged. 

Figure 8 gives the mortality among 8 fourth-stage cater- 
pillars obtained from Providence. Each caterpillar was 
placed ina separate tray and the entire eight were starved 
until they died. The post-mortem appearances were so 
similar externally to the deaths from the “other cause” 
that they are represented by a broken line. 

Figure 9 represents the deaths among 16 fifth-stage 
gipsy-moth caterpillars kept in one tray. These were | » 


wr 





from the same collection as those used in the experi- | # 
ments. Not one case of wilt appeared, but they all died —ie.6.—Curveshow- 
a 66 re se 7? ing the mortality 
of the other cause. pone homgpirpes 
Figure 10 shows the deaths among 19 fifth-stage cater- _ second-stage and 
pillars, also from the same lot as those used in the ex- Cope sae 
7 moth caterpillars. 
periments. 


From figures 2 and 4 it is evident that the deaths from the wilt dis- 
ease all occurred during days when the temperatures were high. Taking 
the midway point between 79° and 80° F. in the tempera- 
ture range 68° to 91°, it is found that 14 deaths occurred 
at and above 80° against 9 deaths below that tempera- 
ture. There seems to be no definite correlation between 
temperature and the deaths from the “other cause.” 


SERIES 2 


The second series of experiments was begun on July 3. 
Last-stage caterpillars were used. Material strained 
through cheesecloth with sterile water to equal 50 c.c. was 
diluted with 20 times its volume of sterile water, then 
shaken, and filtered through paper filters. A portion of 
this filtrate was used as it was, part was filtered through 
the Berkefeld candles, and another portion was sterilized 





Fic. 7.—Curve show- 4 : 
ing the mortality for thecontrols. The infections were repeated on July 6, 


among 26 —con- and another dose was administered on July 13 to all cater- 
trol’’ fourth-stage 


gipsy-moth cater- pillars that had not pupated. These experiments were 
a. Provi- performed in a room some distance from the one in which 
a the first were carried on. 
Figure 11 represents the mortality among 50 caterpillars fed with 
the Berkefeld filtrate. Wilt caused the deaths of 13 in the cater- 
pillar stage and of 1 in the pupal stage; 3 died of the ‘other cause”’; 
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10 females and 23 males emerged. Figure 12 gives the deaths among 
25 caterpillars fed with the unfiltered virus. Twelve died of wilt while 
caterpillars and four after pupating; three died of the ‘“‘other cause;’’ and 
six male moths emerged. Figure 13 shows the mortality among 25 con- 
trols accompanying the series. Three died of wilt, seven died of the 
“other cause,’’ and twelve males and three females emerged. Table III 
gives the results of series 2. 


TasLe IIl.—Mortality among gipsy-moth caterpillars in laboratory experiments 

















(series 2) 
Number | ee Died of 
of cater- Treatment. — “other Lived. 
pillars. , cause.” 

3 males. 
go | mertereld Bitrate... <i ccicecciecnsess 14 3 433 ee 
ag | Uniiltored views... oo... ccc ccecccisceesl 16 3 | 6 males. 

‘ | 12 males. 
WE ORION ais wcsanere sire sinewsaicath Steerer ehaeares 3 4 {! Seutlion 
| 


It will again be noticed that more caterpillars died when 
fed with the unfiltered material than when fed with the 
Berkefeld filtrate. If there had been as many caterpillars 
in the experiments with the unfiltered material as in the 
Berkefeld-filtrate experiment, the number of deaths from 
wilt in the former would probably have been more 
than twice as great as in the latter. Three deaths from 
wilt are recorded in the controls, but these caterpillars had 
probably contracted the disease before 
they were collected, as every possible 
precaution was taken to avoid contami- 
nation. The person who fed the in- 
fected individuals was not permitted to 
i aaa! feed the controls and whenever a cater- 

showing the Pillar died and had to be handled, the 
ee sid hands of the assistant were thoroughly 
trol” fourth- Washed in gs5 percent alcohol before be- 
ii = ing again allowed to handle another 
pillars from tray. In this series of experiments 
“iy = idence, thereseems to be nocorrelation between 
high temperatures and deaths due to 

wilt. Taking the middle of the temperature range 





5 ; _ ma Fic. 9.—Curve showing 
in the entire series, there are 31 deaths below 79.5 the mortality among 16 


against 2 deaths above 79.5° F. Humidity might “control” fiith-stage 


. rs gipsy-moth caterpillars. 
prove to be a more important or at least an equally im- 


portant factor as temperature in determining the progress of the disease; 
but, since no record was kept of the humidity, the writer is unable to 
speak with any conviction on this matter. 
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SERIES 3 


Last-stage caterpillars were used in the third series of experiments, 
which was begun on July 14. These animals were obtained from a locality 
in which a tachinid, Compsilura concinnata, abounded. Later, during 
the course of the experiments, quite a large num- 
ber of these caterpillars succumbed to parasitism 3. 
by this species. 

The wilted material was strained through cheese- 
cloth to equal 50c.c. This was diluted with ten 
times its volume of sterile water and filtered 
through a paper filter. This filtrate was again 
diluted ten times and a portion was used without 
further treatment while the rest was passed through 
Berkefeld candles. 

Figure 14 represents the mortality among 40 
caterpillars fed with the Berkefeld filtrate. Eight 
caterpillars died of wilt, seven of the “other cause,” 

twenty succumbed to 
Suay ee e.° Fic. 10.—Curve showing the 
mnen@VQReagsagys tachinid parasitism, and mortality among 19 “con- 
five male moths emerged. _ trol” _fifth-stage _gipsy- 
° P moth caterpillars. 

Figure 15 gives the mor- 
tality among 4o caterpillars fed with unfiltered 
material. Fifteen died of the wilt, four died 
of the “other cause,’ one escaped, eleven 
succumbed to tachinid parasitism, and nine 
male moths emerged. 

Figure 16 shows the deaths among 20 control 
insects. One died of wilt, nine died of the ‘‘other 


7 


63 








Fic. 11.—Curve showing the mor- - ibe ee 
tality among so gipsy-moth cat- Cause,” one succumbed to tachinid parasitism, 


erpillarsfed with wilt virus after and 5 male and 4 female moths emerged. 
filtration through the Berkefeld . & 


filter, The mortality for series 3 is given in Table IV. 


TABLE IV.—Mortality among gipsy-moth caterpillars in laboratory experiments (series 3) 

















Number Died of Died of Died of | 
of cater- Treatment. wilt “ other tachinid | Lived. 
pillars. | : cause.” parasitism. | 
pateieea a a | - 
40 | Berkefeld filtrate............. 8 7 20 | 5 males. 
40 | Unfiltered virus.............. | 15 4 Ir | 49 a 
5 males. 
Pa >) A er eT | I 9 { 4 females. 
Ss | | = Ae 
@ x escaped. 


Again, the number of caterpillars which died after feeding on the 
unfiltered material was almost twice as great as the number that died 
after feeding on the Berkefeld filtrate. 
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For the sake of uniformity the range of temperature is considered 
as extending from 71° to 82° F. Naturally the ranges of temperature 
are not always the same, for one experiment might extend over a greater 
number of days than another, thus perhaps including 
a few temperatures different from those in the latter 
experiment. Taking the midway point in the tem- 
perature range as 77°, the number of wilt deaths 
occurring at and above 77° is found to be 14, while 
there are 10 occurring below that temperature. There 
seems to be in this third series of experiments the 
same correlation between high temperature and wilt 
as in the first series. 


mOSVOVRARK 





Shia: daisies aii DISCUSSION OF ETIOLOGICAL EXPERIMENTS 


ing the mortality 


among 25 gipsy-moth In the three series of experiments, out of the entire 

pon ome Rina number of controls, comprising 78 

-aterpillars, only 4 died of the wilt 

disease. This is equivalent to about 2.25 per cent, 

almost a negligible error when compared with about 
39 per cent mortality in the infected animals. 

It will be seen, on examining the diagrams, that the 
wilt incubation period varies considerably—from 2 to 
27 days. The differences in the individual constitu- 
tions of separate caterpillars undoubtedly account for 
much of this variation, and slight differences in the 


amount of the infectious materia] F!6. 13—Curve showing 
the mortality among 


2\¢ 

















vesangels| ingested or in the virulence of the 25 control gipsy-moth 
g SAAN 89 mn - $ lso: sata caterpillars. Compare 
<,.,f TTT) virus are important also; but such ¢ 
poe se pins with figure 12. 
< ae factors as heat, humidity, and food 
NI - A . . . e 
8 ool WARS [| play a réle in determining the length of the period of 
I Pad | N “F] incubation. 
x — . = . . . 
i a +4 * In spite of apparent infection, a number of moths 
Sze hoadatedal . : 
Anna emerged in each series of experiments. Out of 110 cat- 
SZcrtrrrty+y erpillars fed with the Berkefeld filtrate, 42 adults 
69 



































emerged, while out of 85 individuals fed with the unfil- 
— f penennti tered material 15 imagoes were obtained. All individ- 
among 4o gipsy-moth uals used in the infection experiments really partook of 
caterpillars fed with : ee 
wilt virus after filtre. the material administered, so one can not very well 
gaa Berke- account for the moths on the basis that the caterpil- 
lars escaped infection. It is possible that a genetic 
immunity towards wilt exists among certain members of the gipsy- 
moth race and that others can also be actively immunized with sublethal 


doses of fully virulent material. 
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How can we, however, account for the numerical difference existing 
between the moths obtained from the Berkefeld-filtrate infections and 
those obtained from the unfiltered-virus infections? In the experi- 
ments with the former, 38 per cent transformed 
as compared with 18 per cent in the latter case. egns 


As the experiments show, the virus is filterable, 
but with difficulty; consequently naturally un- 
filtered material would be more deadly than 
filtered material, for the reason that the former 
contains a greater number of micro-organisms 
than the latter, and caterpillars in order to con- 
tract wilt would have to ingest more of the 
Berkefeld filtrate than of the unfiltered virus 
so as to obtain the lethal dose. This will pl yt Reg 
account for the greater number of moths ob- —-™oth caterpillars fed with 
tained in the Berkefeld experiments as com- eeeeneichuainania 
pared with those obtained in the other infections. In 
the case of Berkefeld infections the virus was less 
concentrated and more caterpillars escaped eating 
the lethal dose, thus perhaps acquiring an immunity 
toward a second infection, for it must be remem- 
bered that most of the individuals were infected a 
number of times. 

All the experimental males and females were 
mated and eggs were obtained which, it is hoped, 
will hatch so that they can be used the coming season 








Fic. 16.—Curve showing . i i 
the mortality among (1914), 1n order to determine whether this apparent 


zo control gipsy-moth immunity is racial or merely acquired. If racial, some 
caterpillars. _ Phy i ee ‘ P 

interesting Mendelian ratios may be obtained; if ac- 

quired, the whole of the next generation will proba- 

bly be susceptible to the disease, unless certain of 

its members become actively immunized. If racial 
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or acquired immunity does not exist among cer- 
tain individuals of the gipsy moth, it is difficult 
to understand how any of these insects escape 
death under certain conditions in the field. The 
writer has often seen dozens of caterpillars congre- 
gating on trees under burlap and has seen them 
dying of wilt in great numbers in such places; Fic. 17—Curve showing the 
yet, in spite of the disintegrating bodies flow- pear apednei — 
ing out over other individuals in the immediate conditions approximating 
proximity, many will escape death and transform, ‘Bs ™ “he feld. 

To repeat this field observation in the laboratory, 50 caterpillars were 
gathered from a locality where wilt had been raging for several weeks, 
The entire lot was placed in a single tray so that the dying individuals 
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could constantly soil the food and infect the living ones. Figure 17 gives 
the mortality among these insects. ‘Twenty-one caterpillars died of the 
wilt disease, ten of the ‘‘other cause,” eleven of tachinid parasitism, and 
five male and three female moths emerged. The experiment covered 
a period of 32 days, an ample length of time for every individual in the 
tray to become infected; yet in spite of the 21 deaths from wilt, 8 
moths were obtained. 
SUMMARY 


(1) The wilt of gipsy-moth caterpillars is a true infectious disease that 
is distributed over the entire territory infested by the gipsy moth. 

(2) Epidemics of the disease occur only in localities heavily infested 
by the gipsy moth. 

(3) Climatic conditions appear to bear an important relation to wilt 
in the field. 

(4) The disease is more prevalent among older than among younger 
caterpillars, but small caterpillars also die of it in the field. 

(5) No diagnosis of wilt is valid unless polyhedra are demonstrated 
microscopically. 

(6) There is no account of the occurrence of wilt in America prior to 
1900. 

(7) Minute dancing granules may be observed in wet smears. 

(8) Polyhedra are probably reaction bodies belonging to the highly 
differentiated albumins, the nucleoproteids. 

(9) The pathology of wilt does not vary with the age of the caterpillars. 

(10) The polyhedra originate in the nuclei of the tracheal matrix, 
hypodermal, fat, and blood cells. 

(11) The nuclei of the tracheal matrix and blood cells seem to be the 
first tissue nuclei affected. 

(12) Many minute violently dancing granules are found in the patho- 
logical nuclei of fresh tissue. 

(13) Giemsa’s stain demonstrates many little granules in the nuclei of 
diseased tissue sections. 

(14) The alimentary canal seems to be the last organ in the body to 
disintegrate. 

(15) Two types of blood corpuscles exist in normal hemolymph. 

(16) Two types of pathological blood corpuscles exist in diseased 
caterpillars. 

(17) The blood is a fairly reliable index of a caterpillar’s condition. 

(18) The blood test is impracticable for large experimental series. 

(19) Bacteria are not etiologically related to wilt. 

(20) The virus of wilt is filterable with difficulty. 

(21) Such a filtrate is free from bacteria and polyhedral bodies. 

(22) Caterpillars that have died from infection with filtered virus are 
flaccid, completely disintegrated, and full of polyhedra. 
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(23) Minute dancing granules were observed in the Berkefeld filtrate. 
These may be identical with certain granules observed in smears and 
tissue nuclei (sub. 7, 12, and 13) and may be etiologically significant. 

(24) The incubation period of wilt varies, and temperature at times 
seems to bear an important relation to this variation. 

(25) A large number of caterpillars used in the experiments died of 
disturbances in their normal physiological activities. 

(26) The success of wilt infection experiments is absolutely dependent 
upon attention to seemingly insignificant details. 

(27) Genetic immunity of certain individuals is probable. 

(28) Active immunization with sublethal doses is possible. 

(29) The polyhedral bodies may be stages of the filterable virus, but 
as yet no evidence to substantiate this view has been produced. 

(30) Infection naturally takes place through the mouth by means of the 
food. 

(31) Some of the imported parasites may be important factors in 
aiding the dispersion of the wilt disease. 

(32) Although probable, there is no definite evidence as yet that wilt is 
transmitted from one generation to another. 
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PLATE XI 


“Wilted” gipsy-moth caterpillars hanging to a tree trunk. 
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PLATE XII 


Fig. 1.—Photomicrograph of a smear from a “wilted”’ gipsy-moth caterpillar. 

Fig. 2.—Photomicrograph of polyhedra clustering around a tracheal tube of a 
gipsy-moth caterpillar. X 750. 

Fig. 3.—Photomicrograph showing various stages during the formation of polyhedra 
in tissue nuclei of a gipsy-moth caterpillar. X 720. 








PLATE XIII 


Fig. 1.—A silkworm polyhedron, after Prowazek. 

Fig. 2.—Two gipsy-moth caterpillar polyhedra adhering to each other. 

Fig. 3 to 1o.—Polyhedra of gipsy-moth caterpillar cracking to pieces. 

Fig. 11 to 18.—Urate crystals of a gipsy-moth caterpillar. 

Fig. 19.—Polyhedron of a gipsy-moth caterpillar stained, showing a dark central 
mass. 

Fig. 20.—Polyhedron of a gipsy-moth caterpillar stained, showing refractive 
granules. 

Fig. 21.—Chromatin lump in middle of pathological nucleus of a gipsy-moth cater- 
pillar. X gs5o. 

Fig. 22.—Iron hematoxylin showing stained polyhedra of a gipsy-moth caterpillar 
inanucleus. X 950. 

Fig. 23.—Giemsa’s stain, showing unstained polyhedra of a gipsy-moth caterpillar 
in a nucleus and little granules. X 950. 

Fig. 24.—Fully formed polyhedra of a gipsy-moth caterpillar in a nucleus. X 950. 

Fig. 25.—Nuclear membrane rupturing and allowing polyhedra of a gipsy-moth 
caterpillar to escape. X 950. 
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PLATE XIV 


Fig. 1 and 2.—Normal blood corpuscles of the gipsy-moth caterpillar. 

Fig. 3 and 4.—‘‘Mulberry’’ corpuscles of the gipsy-moth caterpillar. 

Fig. 5.—‘‘Mulberry’’ corpuscle of the gipsy-moth caterpillar crushed, showing 
nucleus. 

Fig. 6.—Blood corpuscle of the gipsy-moth caterpillar, showing nucleus filled with 
polyhedra. 

Fig. 7 to 9.—Blood corpuscles of the gipsy-moth caterpillar with phagocytized 


polyhedra. 

Fig. 10.—Cytoplasmic-free pathological blood corpuscles of the gipsy-moth cater- 
pillar. é 

Fig. rr and 12.—Crystals found in gipsy-moth caterpillars that died of the ‘‘other 
cause.’’ 


271°—15——3 














EFFECT OF TEMPERATURE ON GERMINATION AND 
GROWTH OF THE COMMON POTATO-SCAB ORGANISM 


By MICHAEL SHAPOVALOV, 
Assistant Plant Pathologist, Maine Agricultural Experiment Station 


INTRODUCTION 


The causal organism of the common potato scab which has been 
known to phytopathologists since 1892 as Oospora scabies Thaxter was 
recently pronounced by Lutman and Cunningham! as identical with 
Actinomyces chromogenus Gasperini, which was described in 1891. The 
writer’s studies were conducted upon several strongly pathogenic strains 
isolated from diseased specimens received from Maine, Vermont, and 
Wisconsin.? 

All these strains fruit abundantly on the so-called Thaxter’s potato 
agar. The gray film which almost invariably occurs on the scabby 
spots of naturally or artificially infected tubers when first removed 
from the soil is made up of the same elements which constitute the 
fruiting stage in artificial cultures. These elements, called “gonidia,” 
are short, cylindrical segments of aerial filaments and when mature— 
i. e., when the aerial growth turns from white to dark gray—were 
employed in making the germination studies here described. They are 
1.5 to 2 long and 0.8 to 14 broad, with truncate ends. These bodies, 
after having been sown in agar and shortly before germination, become 
somewhat broader and rounder, sometimes oval or nearly spherical. 
Germ tubes may be produced at either or both ends. 


EXPERIMENTAL METHODS EMPLOYED 


In making the germination tests the ordinary agar hanging-block 
used in studying the growth of bacteria was employed. A straight 
transfer needle was rubbed against the surface growth of cultures bear- 
ing mature gonidia and then gently drawn across the surface of solidified 
agar in Petri dishes. The agar blocks for germination studies were then 
removed from along this inoculated streak and mounted in moist cells 





1 Lutman, B. F., and Cunningham, G. C. Potato scab. Vt. Agr. Exp. Sta. Bul. 184, 64 p., 7 fig., 12 pl. 
1914. 

2 The following method was used to obtain pure cultures from these and numerous other specimens: 
Both the operator’s hands and the diseased tuber are thoroughly washed. ‘Then the latter is rinsed in 
hydrogen peroxid and dried with sterilized absorbent paper. Next the corky covering of a scabby spot 
is lifted off by inserting the point of a flamed scalpel under one side of it. The layer of parenchyma under- 
neath is greenish yellow in color, owing to the action of the parasite. ‘The discolored area thus exposed 
is then gently scraped with a flamed knife and a small quantity (about 1 c. c.) of the pulp transferred 
to tubes containing 2 or 3 c. c. of sterilized, distilled water. One or more 2 mm. loops of this dilution are 
transferred to tubes containing 10 c. c. of melted beef agar and the plates poured in the usual way. 
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in the usual way. Beef-extract agar, without salt,’ was found to be 
the most satisfactory medium for the purpose. 

Immediately after the hanging-block cultures were made, the slides 
bearing them were placed in incubators running at the requisite tempera- 
tures. They were not removed therefrom except for a short time at the 
close of each hour for examination with the microscope. To avoid 
inaccuracies, due to possible variations in temperature in different parts 
of the incubator chambers, care was taken to see that the temperatures 
recorded were those in the immediate vicinity of the preparations 
studied. 

THERMAL EFFECT ON GERMINATION 


The maximum temperature for growth is apparently a little below 
41° C., although occasionally slight evidence of the beginning of germina- 
tion of gonidia was ob- 
served at this point. 
Germination was most 
rapid between 35° and 
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oa 40.5°, and little or no 
35°C differences were noted 


in various trials be- 
tween these limits. 
At the temperatures 
mentioned the first 
evidence of growth 
was observed at the 
end of three hours, and 
below this the time 
Fic. 1.—Chart showing the relation of temperature to time of germi- gradually increases: 5 

nation. hours are necessary at 
30°, 8 hours at 25°, 11 hours at 20°, 18 hours at 15°, and 2 days at 10° C. 
(fig. 1). The largest percentage of germination is usually secured at from 
30° to 37°C. Unevenness in germination is evident at 25°, and from this 
point down it becomes more and more apparent until it is especially pro- 
nounced at 10°C. Plate XV, figures 1 and 2, illustrates the character- 
istic appearance of the germinating gonidia at 35° C. 

No attempt was made to determine the exact minimum temperature 
for germination, but some previous unpublished studies of the writer 
indicate that it lies somewhere near 5° C. Twenty test-tube cultures, 
ten in beef broth and ten on potato cylinders, immediately after inocula- 
tion with material containing gonidia were placed in a refrigerator where 
the temperature varied from 5° to 7° C. Only a little growth was noted 
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1A modification of the formula given by F. D. Chester. (Chester, F.D. Manuad of Determinative 
Bacteriology. p. 28. New York, rgor.) 
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in a few tubes at the end of one month. A few of the remaining cultures 
grew when taken to the laboratory, but the rest were dead. 

Exposure to cold weather, several degrees below zero centigrade, does 
not always kill the parasite. During February and March, 1913, many 
test-tube cultures were exposed immediately after inoculation to freezing 
at outdoor temperatures and then again taken to the laboratory. The 
exposure in no case was longer than one week. In no instance were the 
organisms killed in tubes containing cooked potato cylinders, but in 
some cases with beef-broth cultures an exposure of five days was fatal 
when on some nights the thermometer registered as low as — 29° C. 


RAPIDITY AND VIGOR OF GROWTH 


Temperatures between 35° and 40° C. are most conducive to rapid 
germination. They are decidedly less favorable for the further develop- 
ment of the organism, except that at 35° the growth for the first day was 
more rapid than at any other temperature tested. No colonies visible 
to the unaided eye appear in cultures at 39.5°, and growth at this tem- 
perature practically ceases within one week. On the other hand, growth 
is very much retarded and slow below 20° C. Table I shows the com- 
parative rates of germination and growth in cultures at various tempera- 
tures and at different intervals within one week. 


TABLE I.—Comparative rates of germination and growth of the common potato-scab 
organism at various temperatures and at different intervals 
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Observations upon cultures for longer periods, two to four weeks, 
indicated that the optimum temperatures for maximum growth are from 
25° to 30°, with practically no difference between. The total growth 
produced was less above and below these points. While it was still 
proceeding normally but at a slower rate at the lower temperatures, at 35° 
it was not only less but appeared to have reached its end. 

The discoloration of the medium which is very characteristic of cultures 
of this parasite was faint or absent at and above 35° and quite intense 
at and below 30° C. 


INVOLUTION FORMS 


High temperature is considered one of the factors influencing the 
production of degeneration forms of bacteria," but this is apparently 
not the case with the potato-scab organism. While the individual fila- 
ments, which at lower temperatures are long and more or less curved, 
appear very short and curled at 37° C., and especially so at 39° and 40°, 
the writer does not consider them strictly involution forms. The gonidia, 
also, can not be considered as involution forms, since morphologically the 
same bodies occur normally upon scab spots on potato tubers and appar- 
ently serve as fruiting organs. 

However, such abnormal growths may be produced by certain kinds 
of culture media. The writer has observed some very interesting involu- 
tion forms which constantly appear at all temperatures when the scab 
organism is grown upon a synthetic agar that is much used in this labora- 
tory for the cultivation of fungi.? 

On this medium germination and growth proceeds normally at first, 
but after two days, if incubated at 35° to 37°, which, as has already 
been pointed out, are within the range of most favorable temperatures 
for germination and early growth, the threads become distorted and 
swollen at various places, both at the tips and in the middle. Some- 
times even the gonidia themselves become abnormally enlarged at or 
before germination. At the end of a month the entire growth will con- 
sist of swollen, club-shaped, oval, or spherical segments of various sizes 
(Pl. XV, fig. 3 and 4). Not infrequently these abnormalities reach 4 in 
diameter. The consistency of the growth thus produced is soft and 
somewhat slimy instead of being tough and hard, as is usually the case. 
By leaving out one of the ingredients of the medium at a time it was 





1Migula, Walter. System der Bakterien . . . Bd. 1, p. 52-53. Jena, 1897. 
2 This synthetic agar was prepared according to the formula given by Darwin and Acton (Darwin, Francis, 
and Acton, E. H. Practical Physiology of Plants. ed. 3, p. 68. Cambridge, 1909) and consists of— 
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found that no such involution forms were produced when the potassium 
monophosphate alone was excluded, but they invariably appeared if it 
was present.! 

SUMMARY 


(1) Temperatures from 35° to 40° C. are most favorable for the ger- 
mination of the gonidia of the potato-scab organism. They are unfa- 
vorable for long-continued growth, although at 35° a stimulating effect 
was produced at first. 

(2) The maximum temperature for growth is about 40.5°, the optimum 
25° to 30°, and the minimum about 5° C. 

(3) Involution forms are produced, but not as the result of tempera- 
ture conditions. They appeared abundantly when 0.25 per cent of 
potassium monophosphate was included in a synthetic culture medium. 





1 Miinter observed similar involution forms in pure cultures of certain soil-inhabiting Actinomyces, 
but on a somewhat different synthetic medium than that used by the writer. Among the species studied 
by Miinter Actinomyces chromogenes is mentioned. (Minter, F. Uber Actinomyceten des Bodens. In 
Centbl. Bakt. [etc.], Abt. 2, Bd. 36, No. 15/18, p. 380-381. 1913.) 








PLATE XV 


Fig. 1.—Germinating gonidia of the potato-scab organism, agar hanging-block, 3 
hours’ incubation at 35° C. 375. 

Fig. 2.—Germinating gonidia of the potato-scab organism, agar hanging-block, 5 
hours’ incubation at 35°C. 375. 

Fig. 3.—Involution forms of the potato-scab organism on synthetic agar from a 
1-month-old culture, stained with carbol fuchsin. 425. 

Fig. 4.—Involution forms of the potato-scab organism on synthetic agar from a 
1-month-old culture, stained with carbol fuchsin. 750. 
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SEEDLING DISEASES OF SUGAR BEETS AND THEIR 
RELATION TO ROOT-ROT AND CROWN-ROT?! 


By H. A. Epson, 


(\Physiologist, Cotton- and Truck-Disease and Sugar-Plant Investigations, 
Bureau of Plant Industry 


INTRODUCTION 


The diseases of the sugar beet (Beta vulgaris L.) to be discussed in this 
paper are damping-off and a more common but less familiar seedling 
trouble which will be designated as “root sickness,” together with the 
associated rots of the growing or of the mature root. 

Damping-off is a disease which typically manifests itself by a charac- 
teristic browning or blackening of that portion of the root or hypocotyl 
near the surface of the ground. Plants may either be killed by the 
progress of the disease or checked in growth for a longer or shorter time, 
according to the severity of the attack and the environmental conditions. 
The trouble is found in incipient form wherever the host is cultivated and 
not infrequently becomes epidemic, completely destroying the stand. 

Root sickness is similar in some respects to damping-off, but the 
attack in this case is confined to the root system, seldom appearing above- 
ground. For this reason it has heretofore escaped general recognition as 
a distinct disease and has received no treatment in American literature. 
Diseased plants assume a slightly flabby appearance and are perhaps a 
trifle lighter green than normal ones. In severe cases the entire field 
may be wiped out, but more frequently enough plants survive to produce 
at least a partial stand. The beets make practically no growth during 
the continuance of the attack, which is usually for two or three weeks. 
By carefully removing the sick plants from the soil so as to avoid breaking 
the roots it may be seen that the side branches and taproots are blackened, 
shriveled, and more or less completely killed. Healthy new shoots are 
sent out here and there from the upper portion in an attempt at recovery. 
If the plant survives, one of these eventually replaces the taproot. 
However, such beets are not only delayed two or three weeks in growth 
but they are likely to be short and branching. The stand is always more 
or less imperfect in fields that have recovered from the disease. This 
type of trouble is almost universal, and in some of the heavier soils of the 
more northern areas it frequently becomes a limiting factor in sugar-beet 
production. Even in the more favored sections it is annually the cause of 





1 The major portion of the work reported in this paper was carried out at Madison, Wis., in cooperation 
with the Wisconsin Agricultural Experiment Station, which kindly supplied space and care for the field 
plots and provided all necessary laboratory and greenhouse facilities. 
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serious losses. Many of the failures attributed to faulty germination are, 
in fact, the results of serious outbreaks of this disease, and in practically 
all the cases investigated where seedlings were ‘‘not growing well’’ the 
trouble has been found to be root sickness. 

These or similar diseases have been known for a long time in Europe, 
where various and widely different theories have been advanced regarding 
their cause or causes. Refractory soil, cold ground, wet weather, poor 
cultivation, excessive rain, fungus infection, and the like have all had 
their advocates, who have based their opinions in many instances upon 
insufficient data. 

Hesse (24) ! reported the presence of Pythium debaryanum in diseased 
beet seedlings in 1874, but he seems to have done no experimental work 
with this host. Hellriegel (23), one of the first investigators who made 
a careful experimental study of this subject, showed that damping-off 
in his pot experiments appeared to be due to a parasite, and traced the 
source of infection to the seed. He did not, however, assign a specific 
organism as the cause. Eidam (13) produced artificial infection of beet 
seedlings with cultures of Rhizoctonia betae Kiihn. Kriiger (25, 26) 
found Phoma betae Fr. to be an active seedling parasite of the sugar beet 
and expressed the opinion that several different fungi are capable of pro- - 
ducing diseases in seedlings of this plant so similar in appearance that 
they have been classed together under the name “Wurzelbrand.” Sev- 
eral fungi, as well as bacteria, have since been added to this list of para- 
sites, while other writers have denied the parasitic origin of the disease. 

So much contradiction and uncertainty exists in the literature of the 
last 20 years regarding the nature and cause of Wurzelbrand of beets 
in Europe that Peters (31, 32, 33) and his associates (5, 6) found it neces- 
sary to go over the entire subject and submit to rigid experimental proofs 
the more worthy of the hypotheses that have been put forth. 

From what appears to be a careful and trustworthy piece of work, 
Peters (33) concludes that under the conditions of his experiments 
Pythium debaryanum Hesse, Phoma betae Fr., and Aphanomyces laevis 
De By. are capable of producing damping-off of the sugar beet. He was 
unable to secure pure cultures of Rhizoctonia violacea Tul., but he infected 
soil with fragments of beets showing typical Rhizoctonia decay and 
failed to produce damping-off. The evidence of the parasitism of bac- 
teria on this host seemed to him insufficient to justify serious consideration. 

In America the only reported work on seedling diseases of beets, 
except the author’s preliminary note (12), is by Duggar (9, 11), who 
conducted successful infection experiments with a species of Rhizoc- 
tonia that he secured from decayed beets and later designated as Cor- 
ticium vagum B. and C., var. solani Burt. (10, p. 444-452). His experi- 
ments were carried out in sterilized soil and controlled by check plants 





1 Reference is made by number to “ Literature cited,’’ p. 165-168. 
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which remained healthy, but he makes no mention of treating the seed 
to insure the elimination of Phoma betae, which he regarded as absent 
(10, p. 344). 
THE SECURING OF CULTURES 

The first steps in the present work were naturally the securing of cul- 
tures, which were obtained in various ways. Beet seed was placed in 
sterilized filter papers in sterile moist chambers, and transfers were made 
from the colonies of fungi which developed during the progress of ger- 
mination. This method is uncertain and yields a large number of 
harmless saprophytes. Seed was sown in soil which had been sterilized 
in an autoclave at 12 pounds’ pressure for from four to six hours on two 
successive days. These were watered with sterile water and protected 
from outside sources of infection. Whenever damping-off appeared, 
the diseased seedlings were removed and treated for one minute with 
more or less shaking in a solution (1:1,000) of bichlorid of mercury in water 
or in similar bichlorid solutions containing either 1 gm. of ammonium 
chlorid or % c. ce. of concentrated hydrochloric acid per liter. They 
were then rinsed in sterilized water and dropped upon suitable, nutrient- 
agar medium in Petri dishes (Pl. XVI and XVII). The agar most 
commonly used is sufficiently acid to materially check the development of 
bacteria and is at the same time a very satisfactory medium for the 
cultivation of most fungi. It has the following composition: 


DIN: 2 i A 100 Dipotassium hydrogen 
WOMUING) ode siise st Sade 5 oe ee ee 2.5 
Ammonium nitrate..... 10 Calcium chlorid........ as 
Potassium nitrate....... 5 WE ieccsss sr enns adage I, 000 
Magnesium sulphate... . 2.5 PRIN ais we caissrak ama 20 


As soon as growth appeared from the seedlings, isolation transfers were 
made. Cultures obtained by these two methods were regarded as origi- 
nating from the seed. 

Cultures were made from the soil indirectly by means of seedlings in 
the following manner: Beet seed, treated by a method to be discussed 
later, so as to insure the absence of parasitic fungi, was sown in unster- 
ilized soil in pots that were thoroughly sterilized before using. When 
damping-off occurred, isolations were made in the manner already 
described. Cultures were secured from decayed beets by cutting out 
with a sterile knife small portions of material on the border line between 
healthy and diseased tissue. These blocks were placed upon a suitable 
medium, and isolations were made from the developing colonies. Another 
method employed was to sow treated beet seed in sterilized soil, subse- 
quently infected with fragments of decaying beets. Isolations were then 
made from the seedlings when disease developed. Large numbers of 
isolations were made from sugar-beet seedlings grown in commercial 
fields, and a considerable number of cultures were courteously contrib- 
uted by various workers from time to time. 
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SEED TREATMENT 


Sugar-beet seed is quite universally infected with parasitic fungi. It 
was therefore necessary to devise some method of freeing the seed from 
infection before inoculation experiments could be successfully conducted. 
Among the substances tried were hydrogen peroxid, hydrochloric acid, 
sulphuric acid, formalin solution, formaldehyde vapor, and hot water. 
Peroxid solution (6 per cent) was used for varying periods up to one hour. 
The seed was then sown in sterilized soil and watered with distilled 
water. The pots were protected from infection, but damping-off was in 
no degree checked, and Phoma betae was invariably isolated from the 
diseased seedlings (Pl. XVII). 

Hydrochloric acid was employed in various concentrations up to a 
specific gravity of 20° B. for 15 minutes. The seed was then rinsed in 
sterile water, followed by lime water, which in turn was followed by 
sterile water. This treatment was without effect upon the vitality either 
of the seed or of the fungi. 

Sulphuric acid was used in various strengths up to full concentration 
for one hour. The treated seed germinated strongly and from 24 to 48 
hours earlier than the untreated control, but there was no decrease in 
the amount of damping-off. 

Formalin solution was employed up to concentrations of 2 per cent of 
formaldehyde for various intervals up to one hour. This seriously injured 
the viability of the seed, but afforded no check to the disease. The 
results with formaldehyde vapor are inconclusive, since they lack uni- 
formity. 

The method finally settled upon for experimental work was one em- 
ployed by Peters (7, p. 273-274), which consists of heating the seed in 
water at 60° C. for 10 minutes, promptly drying superficially upon filter 
papers, so as to prevent germination, and after an interval of 24 hours 
heating a second time for 10 minutes at 60° C. The seed treated in this 
way and sown in sterilized soil, watered with sterile water, and protected 
from outside infection remained practically free from disease. Not more 
than one seedling in three or four hundred was infected with Phoma 
betae. ‘The percentage of germination is unquestionably lowered by this 
treatment, but it is the only method tried by which inoculation experi- 
ments could be controlled. It does not appear to be a method which 
could be applied on a commercial scale. 


METHODS OF INOCULATION 


Inoculation experiments were carried out in pots either in the labora- 
tory or usually in the greenhouse, using seed treated in the manner just 
described, and with soil sterilized by heating three or four hours in the 
autoclave under a pressure of from 12 to 15 pounds on two, or usually 
three, consecutive days. Inoculations were made in the soil or upon the 
seed at the time of sowing, except when otherwise stated. Various 
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methods of inoculation were employed, but the results were uniformly the 
same. Either suspensions of spores or mycelial growth on various cul- 
ture media, such as agar, corn meal, beet petioles, and sterilized beet 
blocks, were employed. The last method—that is, with beet blocks— 
was perhaps the most satisfactory and convenient. The corn-meal 
cultures appeared to exercise an unfavorable physiological action, pos- 
sibly because of the bacterial growth which they fostered; so this 
method was discarded. 

Inoculation experiments were invariably controlled by a considerable 
number of uninoculated pots. In a few instances disease occurred in 
the controls. In such cases the causal organism was determined, but 
the entire series was abandoned as an inoculation experiment, even 
though the presence of an intruder could be explained readily through 
the agency of insects and earthworms. It was the invariable custom to 
recover the fungus from the damping-off seedlings by the method already 
described (PI. XVI and XVII) and to reinoculate and recover through 
from four to six generations of seedlings. 

As reported in a former note (12), four fungi have been found to stand 
in causal relation to seedling-beet troubles. These are Phoma betae (Oud.) 
Fr., a species of Rhizoctonia, regarded as identical with the form 
described as Cortictum vagum B. and C., var. solani Burt., Pythium 
debaryanum Hesse, and a fungus originally reported as Aphanomyces 
laevis De By., but which has since been found to be new. 


PHOMA BETAE 
TAXONOMY 


Frank (16, 17, 18, 20) established the relation of Phoma betae to 
heart-rot of the sugar beet in 1892. The following year Kriiger (25, 26), 
working in the same field, demonstrated its causal relation to damping- 
off. He found the fungus fruiting abundantly on all parts of diseased 
beets and held it to be identical with the fungus which had previously 
been observed on various portions of the cultivated varieties of Beta 
vulgaris L,. 

Oudemans (29, p. 181) had observed what appeared to be the same 
fungus fruiting upon leaf spots of old beets and applied the name ‘‘Phyl- 
losticta betae.”’ Prillieux (35, p. 19) observed the fungus on leaf blades 
and decaying heart leaves, as well as upon typical spots on the leaf, 
and applied the name “ Phyllosticta tabifica.”’ Saccardo recognizes the 
names ‘‘Phyillosticta betae Oud.” and ‘‘Phoma betae Rostr.’”’ The latter 
name is given on the authority of the following paragraph from the pen 
of E. Rostrup (41, p. 323): 

Eine zweite, an Runkelriiben auftretende Phoma habe ich zuerst in meinem 
Jahresbericht iiber Krankheiten der Kulturgewichse im Jahre 1888 (Tidsskrift for 
Landékonomi. R. 5, Bd. 8, S. 746) [40] unter dem Namen Phoma sphaerosperma 
beschrieben. Weil sich aber herausstellte, dass dieser Name schon im Jahre 1885 
einer ganz anderen Art gegeben war, nannte ich spiter den Pilz Phoma Betae. 
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No reference to the publication in which this change of name was 
announced is given, and efforts to find it have failed. Moreover, Lind 
(28, p. 415), who had full access to Rostrup’s specimens and publica- 
tions, lists Phoma betae Rostr. under Phoma betae Fr. as a synonym. 
Frank suggested the name ‘‘ Phoma betae”’ in the article previously cited 
(16), published in 1892, which contains a description of the fungus, 
accompanied by figures and a somewhat extended discussion of the 
root-rot produced by it on the sugar beet. In view of the established 
identity between Phoma and Phyllosticta on sugar beets it would 
appear that Oudemans’ description in 1877 (29) has first claim to 
priority. 

For these reasons it seems proper and convenient to retain the name 
which has persisted in most general use in literature, but with a correc- 
tion to insure proper acknowledgment to Oudemans. The name “‘ Phoma 
betae (Oud.) Fr.” is therefore used in this paper. Pool and McKay, who 
agree in the justice of this usage, also employ it in a current paper (34). 

Neither Frank (17) nor Kriiger (25, 26) were able to find evidences 
of a perfect stage of this fungus in their cultural studies. Peters (31, 
32, 33) also failed to find sexual fruits, and the same is true of the work 
of the writer. It should be pointed out, however, that Rostrup (40, 
p. 746) believed Sporodesmium putrejaciens Fuck. to be a perfect stage of 
Phoma betae, and Prillieux and Delacroix (37) regarded Phoma betae as 
the pycnidial form of Sphaerella tabifica Delacr. 


IDENTITY OF PHOMA AND PHYLLOSTICTA ON THE SUGAR BEET 


Hedgcock (22) has presented evidence by cross-inoculation of the 
identity of Phyllosticta and Phoma on the sugar beet. He grew beets 
from seed treated with concentrated sulphuric acid for 30 minutes, fol- 
lowed by an alkali, and successfully produced Phyllosticta spots by 
spraying upon the leaves spores of a Phoma culture isolated from decay- 
ing beets. Beets whose leaves were covered with Phyllosticta were 
placed in a dry cellar and held under observation for two months, during 
which time the characteristic black rot of Phoma passed from the leaf 
petioles to the crown of the beet. 

While Hedgcock’s conclusions are undoubtedly correct, the seed 
treatment he employed does not destroy the viability of Phoma, and it 
will be shown later that beets whose foliage was free from visible evi- 
dence of Phyllosticta decayed from Phoma when they were placed in a 
relatively dry environment. The case may be strengthened, therefore, 
by the presentation of the additional evidence now available. Cultures 
from Phyllosticta spots, as well as from decayed beets and from damped- 
off seedlings, have been found equally capable of producing damping-off 
of sugar beets, and a somewhat extended study of the morphology of 
the fungus from the three sources mentioned has revealed no differences 
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between them. The Phyllosticta cultures employed were supplied by 
Miss Venus W. Pool, of the Rocky Ford (Colo.) field station. Pool and 
McKay (34), who worked with Phoma cultures isolated by the writer from 
decayed sugar beets, found them capable of producing the characteristic 
leaf spots as readily as cultures isolated from the Phyllosticta pycnidia. 
The fungus, however, is not an aggressive leaf parasite, but does its 
greatest injury on the root. 


SOURCES OF INFECTION 


The source of original infection appears to be the seed. It has been 
generally recognized in Europe for years that seed infection with Phoma 
betae is universal. As American growers are using European seed 
almost exclusively, it follows that the disease is constantly being intro- 
duced into the United States on seed. A very large number of samples 
of both European- and American-grown beet seed have been examined 
for the presence of this and other pathogenic forms. With the excep- 
tion of one single lot of seed, the examination of 100 seed balls by the 
seedling method has invariably demonstrated the presence of Phoma 
betae. Reexamination of this one lot, which was American-grown, 
revealed the presence of the fungus in it also when larger samples were 
tested. 

Frank (18, p. 180, 272-293) believed the fungus capable of living over 
in the soil by means of its spores, but Peters (7, p. 278-286) holds that 
it can do so only when fragments of beets are present to support mycelial 
growth. A large number of trials of soil in America made by means of 
seedlings growing in it from pasteurized seed indicate that Phoma does 
not remain viable in the soil after the decomposition and disintegration 
of its host. Field soils containing decaying beet fragments occasionally 
yield cultures of the fungus in the spring of the first year following beets, 
but, as a rule, even seriously beet-sick soils fail to give them. Samples 
have been examined from Virginia, District of Columbia, Michigan, 
Wisconsin, Kansas, Colorado, Utah, and California. 


MORPHOLOGY OF THE FUNGUS 


Several hundred cultures of the fungus have been isolated and grown 
upon media (Pl. XVII). Noconstant differences in cultural characters of 
strains from the various sources have been observed. It is readily culti- 
vated upon a great variety of media, although on many of these it 
develops mycelium only. It fruits abundantly upon string-bean agar 
(Pl. XVII, fig. 2) and this medium has been used for purposes of identifica- 
tion and for measurements of pycnidia and spores. It is evident that the 
curves which might be plotted from the following tabulated results of 
measurements would be irregular and consequently that they would 
probably be changed by increasing the number of pycnidia and spores 
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measured (Table I). Of 181 pycnidia measured the smallest was 1254 
and the largest 635 in diameter. The largest number fall between 225 























and 3251. 
TABLE I.—Variation in size of 181 pycnidia of Phoma betae 
Number Variation in Number Variation in 
measured. diameter. measured. diameter. 
B B 
I 125 II 351 to 375 
4 126 to 150 5 376 to 400 
14 151 to 175 10 401 to 425 
7 176 to 200 5 426 to 450 
31 201 to 225 I 451 to 475 
21 226 to 250 I 476 to 500 
10 251 to 275 I sor to 525 
27 276 to 300 I 526 to 550 
19 301 to 325 I 551 to 635 
II 326 to 350 
i 





The pycnospores showed quite wide variations in size. 
of 204 spores measured 3.8 and the longest 9.4/1. 








Practically all fell 


between 4.1 and 7p, as shown in Table I. 

The width of the pycnospores varied from 2.6 to 4.34. The single 
exception to this case is a spore which measured 4.9 in width. Table 
II will show the distribution of numbers within the limits given. 


TABLE I1.—Variation in size of 204 pycnospores of Phoma betae 


























LENGTH 
—— Variation. a Variation. 
ut B 
I 3.8 14 6. 1 to 6.2 
4 4.1 to 4.2 II 6. 3 to 6.4 
3 4.3 104.4 6 6. 5 to 6.6 
2 4.5 to 4.6 6 6.7 to 6.8 
14 4.7 to 4.8 7 6.9 to 7.0 
13 4.9 to 5.0 I 29.0 
22 5.1 to 5.2 I 7.3 t07.4 
21 5.3 t05.4 2 7.5 to 7.6 
24 5.5 to5.6 2 9.7% 7.8 
22 5.7 to 5.8 I 7.9 to 8.0 
25 5.9 to 6.0 2 g. 3 to 9. 4 
WIDTH 

5 | 26toa7 22 3. 6 to 3.7 
15 2.8 to 2.9 17 3. 8 to 3.9 
43 3.0to 3.1 7 4.0to 4.1 
49 3. 2 to 3.3 3 4.2 to 4.3 
42 | 3.4 to 3.5 | I 4.9 

u 























May 15, 1915 Seedling Diseases of Sugar Beets 143 





VITALITY IN CULTURE 


Phoma betae exhibits long vitality in culture, as is shown by the follow- 
ing tests. 

On July 2, 1913, old cultures which had been apparently air-dry for 
months were opened under sterile conditions, and into each a portion of 
string-bean agar was introduced. The tubes were then placed to harden 
in such a position as to leave the old culture partly submerged. Table 
III gives the age of the cultures and the results after six days’ incubation. 


TABLE III.—Vitality of Phoma betae in culture 
































‘train, | ‘ber. |cuture.| Results. || Strain, «| “ber” culture Results 
\| | 
Days. Days. 

Strain 3... 39 | 413 | Good growth || Strain M..| 1,304 | 315 | Good growth 
and pycni- and pycni- 
dia. dia. 

StrainA...| 423 | 372 Do. Strain 3... 64} 413 | No growth. 

Strain J...) 564 | 358 Do. Strain 3... 40] 413 Do. 

Strain J..] 996] 315 Do. Strain3..| 281] 404 Do. 

Strain E..| 1,296 | 315 Do. Strain3..} 386] 404 Do. 

Strain J..| 1,301 | 315 Do. \ 

l 








INOCULATION EXPERIMENTS ON SEEDLINGS 


The strains used in inoculation experiments are 24 in number, obtained 
from the following sources: 

Direct isolation from sugar-beet seed by the moist-chamber method, 1. 

Indirect isolation from sugar-beet seed through damping-off seedlings 
in sterilized soil, 2. 

Direct isolation from Phyllosticta leaf-spot, 2. 

Isolations from various sources such as beet leaves, beet seed, and 
beet-sick soil at Rocky Ford, Colo., 13.! 

Isolations from beets having heart-rot, from Colorado, 1; Wisconsin, 
2; South Dakota, 1. 

Isolations from seedlings grown in sterilized soil, inoculated with 
decayed beets, 2. 

The inoculation experiments upon seedlings were carried out in the 
manner already described, invariably yielding positive results. There 
appeared to be no decrease in virulence from carrying the fungus in 
culture 14 months. 

The first development of damping-off in the pots occurred usually 
about the third day after the seedlings broke the ground and continued 
till about the time they developed their third or fourth pair of leaves 
(Pl. XVIII, fig. 2). The method followed was to sow roo seed balls per 





1 These cultures were kindly supplied by Miss Venus W. Pool, of the Bureau of Plant Industry, from 
the Rocky Ford (Colo.) field station. 
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pot and to examine daily for damping-off. Whenever disease occurred, 
the plants affected were removed and a record made of their number. 
The: period of greatest susceptibility seemed to be passed by the time 
the third set of leaves appeared. After a sufficient period the remaining 
plants were harvested and examined for signs of infection on the roots. 

The following record (Table IV) of a typical series illustrates the 
method and gives a good idea of the average results. 


TABLE IV.—Results of inoculation experiment with Phoma betae 



































[Series of June 27, 1912] 
| Number of seedlings diseased on July— sates ws. 
Appeared : 

Phoma strain. above- ee ts Tiana egies ‘galas aie a meme 

ground on— | Dis- | 
3 | 4 5 6 7 10 12 15 a [eo | Healthy. 

| said 
Strain C.........| July 1 ....}.... | SS ee 118 | 19] 5| 0 4 18 
Strain E.........]...do pisiiae wach, SUR CR BaD Ben ah al oe 5 3 
Strain BisvcccscrlreeG@Qnescebesent 2 | oS | ©} 3] 12)13] 4] 4 _ 30 
PRA 6c c| MY 2 lees” B] 2] Sta ay pas) Of 2 7 13 
MPA DD. ...5 500 july ri 2| 24| 20 | 7 | 8/261 2) ©} I ° 
Strain F........ ye eee Seuleecalessal B | (Ol) “Ou (oot ton} -z 5 14 
SUM TE. ce cale rr MOscccrtesssl 9 | ag | 29 o | = o| o Pte carte aaeae 
Strain G.........]...40.....]....]..--|...., 8] Of} a2] 2] 24] oO] gs 12 
| er (ec amen ow. 5 | 11 | 22 45| §| 6] ©] 6 ‘ 7 
Control... 6.5. MA. OB calc eins nalece tests Joveefeeesfeceefeeeeleceees III 
eee Be” SRE Sari (Rae! orden eee Hscovassirevaraifiextsss oerereas poster inrei srs srk | 148 

=. 

















The plants described as diseased were typical root-sick beets. There 
was nothing about their appearance aboveground in the pots to indicate 
the presence of the fungus, but in the field such seedlings may often be 
detected from the fact that they appear to be suffering from lack of 
moisture. ‘This type of disease is almost universal under field conditions 
and is far more common than damping-off. Histological studies upon 
such material, to be published in a subsequent paper, revealed the sig- 
nificant fact that it often carries the pycnidia and sometimes the vege- 
tative mycelium of the fungus. 

The number of seedlings developing in control pots was, as a rule, 
larger than the total number developing in inoculated ones. This is to 
be explained by the fact that some of the seedlings were attacked before 
they broke the ground and in consequence were unable to push through 
the soil. A careful examination of the surface soil in inoculated pots 
now and then revealed such seedlings in a state of more or less complete 
decay. 


PHOMA FIELD-ROT AND STORAGE-ROT FOLLOWING SEEDLING INFECTION 


When diseased plants were allowed to remain in the pots and were 
held under as favorable conditions as possible, a large proportion of 
them eventually survived and sent out new roots. This condition is 
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often observed in commercial fields, and it is probably safe to say 
that, under advantageous conditions of climate and cultivation, 75 
per cent of the beets attacked by Phoma betae are not killed, but throw 
off the parasite sufficiently to make a good growth while continuing to 
carry the fungus in a dormant condition upon the crown. When the 
vitality of the host is sufficiently reduced, the parasite may become active 
again and develop either in the root, where it causes a black rot, or on 
the aerial portions of the plant, where it causes a spot disease, which, 
while it does not injure the host to an appreciable extent, enables the 
fungus to infect the seed growing on mother plants. The rot is, of course, 
more serious to the plants attacked. Cases of this so-called heart-rot in 
the field have been very destructive at times in certain sections of 
Europe and are not infrequent in America. Important instances of 
its occurrence in Michigan, Wisconsin, and Colorado, and a less serious 
case in New York, have come to the writer’s attention. Material from 
the three States first mentioned was available for study. The fungus 
was easily secured in pure culture from the beets that were partially 
decayed by the black rot typical of the disease (Pl. XVIII, fig. 1). 
Many roots presented unmistakable evidence of having been diseased 
in the seedling stage. In some cases the original taproot had been de- 
stroyed, and only a knob of tissue just below the crown had survived. 

Additional evidence that the fungus is capable of living upon its host 
for a long time in an inconspicuous and apparently harmless form until 
those conditions appear which are favorable to its development is readily 
found upon examination of beets in storage or those which have been 
kept over for seed purposes. Such examination in the spring has never 
failed to reveal the presence of the fungus. Sometimes the entire root 
is destroyed, but more frequently beets that are apparently healthy may 
be found to show black spots in certain sections in or near their vascular 
tissue, especially in the top of the crown. These areas usually develop 
longitudinally and are frequently confined to the vicinity of a single 
vascular bundle (Pl. XIX). When the conditions of storage have been 
unfavorable, the rot may assume an epidemic form and lead to the total 
destruction of roots which were apparently healthy and sound when 
placed in storage. 


INOCULATION EXPERIMENTS ON GROWING BEETS 


Evidence that the infection takes place only in the seedling stage or 
through the leaves in old age is found in the results of inoculation experi- 
ments made with cultures of Phoma betae. In August, 1912, 100 ap- 
parently healthy beets growing in the field at Madison, Wis., were 
inoculated. <A portion of the infections were made directly upon the 
uninjured crown with vegetative cultures upon beet blocks. Other 
inoculations were made through wounds near the surface of the soil and 
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still others through wounds on the petiole or in the heart of the crown. 
In no case was there any evidence of rot in the field or at the time of 
harvest. It was at first believed that climatic conditions were respon- 
sible for the failure. However, the beets were placed in storage. The 
following spring they were examined for evidences of Phoma betae by 
culture methods. None of the beets had been destroyed; indeed, most 
of them appeared to be perfectly sound until they were opened, when the 
black lines previously mentioned appeared in the vascular regions. 
Cultures were obtained from each of the infected beets,except two. These 
results were at first interpreted as an indication that the inoculations 
made in August had produced infection which had persisted on the sur- 
face and penetrated the roots in storage, but subsequent developments 
throw doubt upon this conclusion and indicate that the infection oc- 
curred much earlier. About half a ton of beets grown as controls had 
been placed in storage beside the infected material, but in a lower rack. 
Evidences of rot were observed in only half a dozen of these beets, and 
they yielded cultures of Phoma betae. It was noted at the time of 
examination that the control beets, which had been kept nearer the 
surface of the soil, were all firmer than the inoculated material; but 
unfortunately no significance was attached to this fact at the time, and, 
with the exception of 12 of the control beets, the entire lot of material 
was sent to the feeding sheds. 

A few weeks later a large quantity of mother beets grown in the vicinity 
of the experimental field from western seed was found to be seriously in- 
jured by the Phoma rot, practically every beet showing more or less evi- 
dence of it. These beets had been bored for analysis in the fall, so that 
any evidence of infection at that time would have been apparent. The 
decay did not originate from infection in the wound made by boring, as 
may be seen readily by reference to the illustration (Pl. XIX). In the 
large majority of cases the rot evidently started from the crown, although 
there were cases of pockets of decay on the sides or even at the tip of the 
beet. In some instances dark streaks could be traced from the crown to 
decayed areas in the lower portion. This led to the belief that the decay 
in beets inoculated with Phoma betae was due to infection occurring in 
the seedling stage and that its development was fostered by the less 
favorable, dryer conditions of storage to which they were submitted. 
Additional evidence for this belief is to be found in the results of the 
inoculation experiments with Rhizoctonia (p. 153), since the Phoma 
rot appeared upon this material also. Moreover, of the few control beets 
saved from the feeding sheds all but three developed Phoma decay during 
the late spring and early summer, and cultures of Phoma betae were 
secured from darkened bundles in the crowns of these three. It might 
be urged that the infection reached the crowns of these beets by way of 
the petioles from Phyllosticta upon the leaves. This seems a very prob- 
able means of infection, but appears unlikely in the instances above cited, 
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since Phyllosticta spots were at no time observed upon the foliage of the 
beets in question, which were grown in isolation and were under daily 
observation. The following season (1913) inoculations were made on 
beets grown outdoors at Madison, Wis., in pots filled with soil from Garden 
City, Kans., from Rocky Ford, Colo., and from Madison, Wis. Other 
beets grown in the usual way in the field at Madison, at Garden City, and 
at Rocky Ford were inoculated. In all cases this was done by placing a 
large fragment of actively growing culture on sterilized beet blocks upon 
the crown of the beet near the heart and a second portion in direct con- 
tact with an abrasion on the crown just beneath the surface of the soil. 
Through the courtesy of colleagues at Garden City and Rocky Ford it 
was possible to have the beets watched at these points as carefully as 
were those at Madison. At no time during the season did evidence of 
infection appear on any of the beets under observation. 

Two lots of beets were grown in 1913 from pasteurized seed. One lot 
was isolated from other beets so as to be protected from infection. These 
beets were stored in the fall in a warm basement, which offered very 
favorable conditions for the development of Phoma storage-rot, as shown 
by previous experience. They were examined from time to time during 
the winter, spring, and summer for evidences of Phoma betae, with nega- 
tive results. 

The other lot of seed was sown in proximity to breeding stock and 
mother plants known to be infected with Phoma betae, and stored in a 
cellar with infected material. These beets developed Phoma rot during 
the winter. Phyllosticta appeared on seed plants grown from some of 
these roots during the summer of 1914, and the seed produced was found 
to carry the pycnidia and spores of Phoma. 


PERPETUATION OF THE FUNGUS 


The results of the various experiments coupled with field observations 
lead to the opinion that Phoma betae is capable of infecting Beta vulgaris 
L,. only during periods of especial susceptibility, such as the early seed- 
ling stage, or, in the case of the leaf, during physiological old age. It 
may also be that the root is susceptible to infection during periods of low 
vitality induced by unfavorable environment, but experimental proof is 
lacking. It does appear, however, that this fungus is entirely capable 
of living for a long time in a hidden condition upon the crown of the 
beet, ready to take advantage of any diminished vitality in its host. 
After infection has once occurred, the parasite may remain present in a 
viable though inconspicuous condition, although the host appears to have 
completely overcome the disease. The Phoma field-rot in the summer 
and fall of 1913, in Wisconsin and Colorado, respectively, developing in 
the first instance under conditions of excessive moisture and in the sec- 
ond under severe drought, may be explained in this way. The crown 
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infections originating from the seed readily explain the source of the spores 
producing the outbreaks of Phyllosticta, which appear to be much more 
common in regions of low humidity, where, as Pool and McKay (34) have 
shown, viable spores of this fungus are common in the air. In this con- 
nection, attention should be especially called to observations during the 
seasons of 1912 and 1913 in Colorado, Idaho, and Wisconsin, since they in- 
dicate a direct connection between the occurrence of Phyllosticta on the 
leaves and seed stalks of mother beets and the presence of Phoma on the 
seed they produce. Phyllosticta was quite prevalent in the Idaho-Colorado 
region, but escaped detection by the same observer in Wisconsin. Tests 
upon seed produced in these regions during both seasons have shown 
that the more western seed was quite generally infected to an extent 
comparable to that from European sources, while that grown in Wis- 
consin showed only a very slight infection. 

Pool and McKay, who kindly continued the observations at Madison 
during the absence of the author in the season of 1914, found the Phyl- 
losticta form on the leaves and stalks of seed beets and also on first-year 
beets. In the absence of fruits the causal fungus was identified by cul- 
tural methods. In other instances pycnidia were produced. The spots 
were, as a rule, less clearly defined and less numerous than those in the 
Idaho-Colorado region, which are similar to those seen in Europe in 1914, 
where they were common on both field and mother beets. Since the 
leaf form of the disease occurred in Wisconsin in 1914, it is probably safe 
to assume that it existed there on seed beets, undetected, in the two 
preceding years. However, if the absence of Phyllosticta infection in 
Wisconsin in 1912 and 1913 be assumed, the presence of the small amount 
of Phoma betae on the seed produced there may still be accounted for in 
at least three different ways. The seed balls nay have been infected at 
any time between blossom and maturity by air-borne spores developing 
in the crown. The fungus may have spread from the crown of the 
mother plants on the surface of the seed stalks to the racemes and infected 
the fruit, or it may have passed through the vascular system of the stem 
to the seed. 

CONTROL OF THE FUNGUS 


It is apparent that Phoma betae is one of the most serious obstacles 
which the growers of beet seed in America have to face. Its ravages on 
mother beets during the winter may be largely overcome by favorable con- 
ditions of storage, but in case the mother beet escapes destruction the 
infection remains to proceed to the leaves and seed stalks and to infect 
the seed. Since the fungus sometimes inhabits the vascular region of 
the root, it may possibly progress through the stem, as well as on the 
surface. In any event, it is an undoubted fact that it finds its way into 
the young seed ball, where it starts with the seed upon another 2-year 
cycle. 
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From what has been said regarding sources of infection, it appears 
that ordinary attention to rotation should eliminate danger from soil 
infection, but that all seed at present available is heavily infected. The 
only hope of control therefore lies in one or more of three alternatives: 
(1) The natural resistance of the beet to the attacks of the fungus, (2) 
seed treatments, (3) the production of disease-free seed. 

From the facts that the period of infection with Phoma betae is 
normally confined to a relatively short period in the seedling stage and 
that infected plants frequently throw off the attack, proper attention to 
cultural conditions would seem to offer hopeful prospect of control. 
European experience has demonstrated the value of such methods. 
Indeed, some prominent agriculturists have denied the pathogenicity of 
Phoma betae because of their success in preventing damping-off and root 
sickness by proper cultivation and fertilization. From this they have 
argued that the cause lies in unfavorable cultural conditions rather than 
the presence of parasites. The truth undoubtedly is that unfavorable 
environment is a predisposing cause which so weakens the beet that it is 
unable to compete successfully with the fungus. When planted in good 
soil, which has been well prepared and suitably fertilized, the seed germi- 
nates promptly and the young plants pass rapidly through the period of 
danger. Early cultivation at this stage to insure proper aeration of the 
roots is beneficial. The studies upon control by means of cultural 
methods and fertilizers demonstrate the value of properly prepared soil 
and thorough cultivation promptly after the seedlings come through the 
ground. There is no doubt that frequently an infected stand may be 
saved in this way. In Europe the use of phosphoric acid and potash 
has given good results. The question of soil reaction has also been found 
very important. Applications of lime on certain types of acid soil result 
in almost complete control. This may also prove to be the case in 
America, but the point can be determined only by local experiment. 

As has already been said, the only method of seed treatment which has 
given satisfactory results in pot experiments is seed pasteurization. 
Experimental work to test the efficiency of this method in field practice has 
been attempted. It is not believed that a method of treatment as 
difficult to carry out as pasteurization will prove useful except in the 
hands of experimentalists and for experimental purposes. It is apparent 
that seed must be treated in small lots and with extreme care in order 
to secure the desired result. If temperatures much above 60° C. are 
employed, the injury to the seed becomes serious. Temperatures below 
60° are ineffective. The substitution of one treatment for two is like- 
wise unsuccessful. Attempts to apply the treatment to samples of seed 
of even 5 pounds have not been altogether satisfactory, but appear to 
hold the fungus in check. 

One experiment in seed treatment carried out under field conditions 
where epidemic development of root sickness has annually occurred for 
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several years will illustrate the point. A half-acre field was prepared. 
Five pounds of pasteurized seed were sown on one quarter-acre and five 
pounds of untreated seed on the other. As soon as the seedlings were 
well out of the ground, examination was made for root sickness and 
damping-off. No signs of damping-off were seen, but considerable root 
sickness was in evidence on both the treated and untreated sections. 
Cultures were started in the field by treating the seedlings for one minute 
in a triturate of citric acid and bichlorid of mercury in water of such 
strength as to give a 1 to 1,000 solution of sublimate. They were then 
transferred to test tubes of sterilized water and were brought to the 
laboratory, where they were plated. A period of 36 hours elapsed 
between the treatment with the bichlorid of mercury and the plating. 
From the untreated seed 95 seedlings yielded the following results: Phoma, 
29; Fusarium, 19; Macrosporium, 2; Mucor, 6; miscellaneous, 18; no 
growth, 21. From the treated seed 69 seedlings yielded: Fusarium, 23; 
an unidentified ascomycete, 11; Macrosporium, 2; Mucor, 2; Penicillium, 
1; miscellaneous, 8; no growth, 22. Phoma betae was not found in the 
treated lot. The long interval before plating undoubtedly accounts for 
the large amount of Fusarium and perhaps also for the failure to secure 
growth in many cases. 

The average results secured from prompt plating may be seen from the 
following series, which was from the same locality but was made two weeks 
earlier. Many of these were plated immediately. Most of the Fusarium 
resulted from seedlings which were carried in the water blanks for half a 
day or more. Two hundred seedlings yielded cultures as follows: Phoma, 
149; Fusarium, 29; Pythium, 3; miscellaneous, 11; no growth, 8. It 
therefore appears that, while seed pasteurization may be employed suc- 
cessfully to rid seed of Phoma betae for experimental purposes, it is not 
applicable on a commercial scale. Moreover, such treatment does not 
guarantee freedom from physiological root sickness associated with sap- 
rophytic fungi, since the vitality of the seedlings seems to be lowered by 
pasteurization. 

A realization of these facts suggests the necessity of clean stock for 
breeding purposes. It would seem that if the growers of elite strains 
could rid their stock of this parasite it would thereafter remain clean, 
provided a reasonable rotation were observed and the seed fields were 
sufficiently isolated to escape reinfection with Phyllosticta. Danger 
from this source would diminish with the increase in the supply of clean 
seed. The experimental work already reported has shown the possi- 
bility of eliminating the fungus from plants grown in isolation from pas- 
teurized seed. ‘These plants would produce clean seed which could again 
be sown in isolation from infected stock and made the basis for a seed 
supply for an entire community, from which the fungus would be elimi- 
nated. This community could be employed as a breeding center where 
the entire seed supply of a factory could be grown, and one of the most 
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serious fungous pests of the sugar beet eliminated from its territory. 
Since sugar companies have absolute control over the sources of seed 
supply of their growers, it is quite possible for a company producing even 
a portion of its own seed to maintain an area of quarantine within any 
portion of its territory where it does not compete with other companies 
for acreage, provided table beets and mangel-wurzels are not allowed to 
bring in the infection. 
RHIZOCTONIA 

The genus Rhizoctonia has been used to include a group of sterile 
fungi, more or less closely related morphologically. Much confusion 
exists regarding the identity of the various forms, and there is likewise 
great diversity of opinion as to the pathogenic properties of the members 
of the group. To make clear, especially to foreign investigators, the 
identity of the fungus under consideration in this paper, a brief discus- 
sion of the literature seems essential. The name “Rhizoctonia” was 
first applied by De Candolle (8) in 1815 to a fungus on alfalfa. He 
eventually distinguished three species, R. crocorum, R. medicaginis, and 
R. mali. During the following 35 years various workers described a 
series of diseases caused by similar fungi, which were referred to this or 
other genera. In 1851 Tulasne (43, p. 188) united the known forms of 
Rhizoctonia into one species under the name “Rhizoctonia violacea.” 
This classification has been followed by many workers. 

In 1858 Kiihn (27, p. 222-249) published an account of three species, 
R. solani, R. medicaginis, and R. crocorum. He distinguished between the 
two forms first mentioned by the difference in appearance of the sclerotia, 
those of R. solani being smooth, and those of R. medicaginis, woolly. 
He mentions R. medicaginis as being parasitic on the beet and carrot, 
as well as alfalfa, and states that the fungus produces a reddish brown 
or purplish color in the cells of the beet. This is the first mention of 
Rhizoctonia on the beet, and it is likewise the first mention of the fungus 
in Germany. Saccardo has included Kiihn’s species under R. violacea, 
while Giissow (21), who described a disease on potatoes and alfalfa in 
England due to Rhizoctonia, considers R. solani Kiihn to be identical with 
R. violacea Tul. Eriksson (14) in 1903 published the results of inocula- 
tion work on various hosts, including the sugar beet. He designated his 
fungus as R. violacea, but later reclassified it as Hypochnus violaceae (Tul.) 
Eriks. (15, p. 421-430). He believed there were biological forms of it, 
since the form on carrot attacked the beet with more virulence in the 
second generation than in the first in which it was carried on that host. 

Atkinson (1) in 1892 described a damping-off of cotton due to a 
sterile fungus later classified as Rhizoctonia. Balls (2, 3) has found 
the same disease in Egypt, and Shaw (42) has more recently reported it 
from India. In the meantime Duggar (10, p. 344) described the same 
fungus as a damping-off parasite of the sugar beet, and Pammel (30) 
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reported a root-rot of beets in Iowa that he believed to be due to Rhi- 
zoctonia betae Kiihn. ‘The fungus, however, appears to be indistinguish- 
able from the one which Atkinson and Duggar, respectively, had reported 
as a damping-off agent on cotton and sugar-beet seedlings and from 
forms of Rhizoctonia upon a variety of hosts throughout the United 
States, acting either as damping-off agents or as the causes of other forms 
of plant diseases. Rolfs (38, 39), working with the fungus on the potato 
in Colorado, found a fruiting stage which he designated as Corticitum 
vagum B. and C., var. solani Burt. He was unable to produce the 
Corticium in culture, but the growth from spores yielded typical Rhizoc- 
tonia mycelium, and infections on living plants with Rhizoctonia gave 
rise to Corticium. Shaw observed the fruiting stage on the groundnut 
and later succeeded in producing it by artificial infection on that host. 
European workers have referred what appears to be the same basidial 
form to Hypochnus solani. 

Shaw (42) found marked differences in the character of sclerotia pro- 
duced by his strains. One which formed small black sclerotia more or 
less differentiated into cortex and medulla he designated as R. solani 
Kiihn. The structure of the sclerotia of the other Rhizoctonia which 
he designated only as Corticium vagum B. and C. appears to correspond 
closely with that of those obtained in America in cultures and less fre- 
quently on the host. He believed this Corticium to be identical with 
the form common on potatoes in America, but was unable to see justi- 
fication for referring it to R. solani Kiihn. Furthermore, he believed 
R. violacea Tul. to be a compound species, possibly including R. solani 
Kiihn and the Corticium, since Prillieux (36, t. 2, p. 144) described 
R. violacea Tul. as possessing two distinct forms of sclerotia, one of which, 
according to Shaw, is similar to those of R. solani Kiihn and the other 
to Corticium vagum. 

A form of crown rot on the sugar beet caused by Rhizoctonia violacea 
Tul. is well known in certain sections of Europe, but rot from Rhizoctonia 
solani is unknown there. This fact has led many students to question 
the identity of the fungus causing the rot of the beet in America. The 
organism here considered is distinctly different from the Rhizoctonia 
violacea ‘Tul. type as the writer saw it in Europe on living or preserved 
material from a variety of hosts, including beets, carrots, potato tubers, 
alfalfa, and asparagus, but it appears to be identical with the Rhizoctonia 
solani type which forms the sclerotia on the potato in Europe and 
America. These two fungi when studied on the same host differ in the 
character of the disease produced, in their appearance on the plants, and 
in the histological relation of the parasite and host. The two are so 
distinct in these characters on both the beet and the potato that it seems 
impossible for one who has seen both types to confuse them. ‘The cul- 
tural relations of the two are also distinctly different. Rhizoctonia solani 
is readily cultivated on a variety of media, but all attempts to put 
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R. violacea into artificial culture have thus far failed, though many 
different workers have undertaken it. So far as can be determined from 
the literature, the American fungus also appears to be identical with 
Shaw’s (42) Corticium vagum B. and C., and it is indistinguishable in 
culture from a strain isolated in Ireland by Pethybridge from a single 
spore of Hypochnus on the potato, and kindly contributed by him under 
the name “ Hypochnus solani.” 

The fungus is characterized by a septate mycelium the branches of 
which in young cultures are either parallel to or inclined at a more or 
less acute angle to the direction of growth of the parent branch. There 
is a constriction where the branch unites with the old hypha and a 
septum is formed a few microns from the point of origin. The threads 
are hyaline when young, becoming a yellowish brown with age. In 
mature cultures the branches are usually arranged very nearly at right 
angles to the parent thread at the point of origin. In culture and less 
frequently upon the host it forms sclerotia, which vary greatly in size 
(Pl. XX, fig. 2). One shown in the illustration of a sugar beet measured 
a full half-inch (Pl. XXIII). They are usually much smaller, from 1 to 
3 mm., and those produced in cultures are likely to be quite irregular in 
outline. The sclerotia consist of interwoven branches, forming a loose 
pseudoparenchyma of uniform structure throughout. The sclerotial 
hyphez are broken up into short cells each of which may function as a 
spore when placed under favorable conditions for development. The 
Corticium stage has not been observed upon the sugar beet, but the 
fungus appears to be identical with the form on the potato and a variety 
of other plants upon which the Corticium is common, and the name 
“Corticium vagum B. and C., var. solani Burt.,” which is the one most 
generally accepted in America, is being retained for the purposes of this 
paper. 

The beet diseases produced by this fungus in America are unknown in 
Europe, and this fact has been used as an argument that they can not 
be correctly attributed here to the fungus which produces the sclerotia 
on potatoes there. This argument is fully met, however, when we 
approach a study of the environmental factors upon which the fungus is 
dependent for the production of disease, since the climatic and soil 
factors under which it becomes an active parasite in some portions of 
America are not found in Europe. 


INOCULATION EXPERIMENTS ON BEET SEEDLINGS 


The 34 cultures used in the inoculation experiments on seedlings were 
obtained from the following sources: 

Sugar-beet seedlings grown in the field at Rocky Ford, Colo., 5; at 
Madison, Wis., in Rocky Ford soil, 5; at Madison in Garden City, Kans., 
soil, 2; at Washington in greenhouse soil, 3; in sterilized soil infected 
with decayed beets, 2; in Madison greenhouse soil, 1; at Madison in 
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field soil, 1; crown-rot sugar beets from Rocky Ford, Colo., 5; from 
Garden City, Kans., 2; from Chino, Cal., 1; from Kenosha, Wis., 1; 
potato tuber from Carbondale, Colo., 1; radish from Madison, 1; carrot 
from Madison, 1; pine seedlings grown at Garden City (contributed by 
Mr. Carl Hartley, of the Bureau of Plant Industry), 2; and decaying 
tomato grown on Potomac Flats, Washington, D. C. (contributed by 
Dr. H. W. Wollenweber (44), of the Bureau of Plant Industry, as R. 
potomacensis Wollenw.), 1. 

The various strains in cultures exhibited no striking differences. Those 
which did appear are due largely to difference in vigor. The virulence 
is reduced temporarily by long continuance in artificial culture. Differ- 
ence in the virulence of the several strains, both when freshly isolated and 
when rejuvenated, was sometimes noted, and this difference appeared to 
be quite constant, although it bore no relation to the host which furnished 
the original culture. For example, one of the two strains most virulent 
to beet seedlings was secured from the beet root and the other was the 
form from tomatoes received as R. potomacensis Wollenw. Certain of the 
strains that were least virulent were obtained originally from sugar-beet 
seedlings. 

The inoculations were carried out with extreme care, following the meth- 
ods already described. Every precaution was taken to insure the accuracy 
of the results, which were uniformly positive. Each strain was recovered 
and reinoculated into seedlings through from four to six generations. 

The type of disease produced upon beet seedlings is similar to that 
caused by Phoma betae, but the plants are attacked at a younger stage, 
and the progress of decay is likely to be more rapid, so that it was neces- 
sary to exercise considerable care in making inoculations at the time of 
seeding. In the cases of heavy inoculation few or no seedlings broke 
through the soil. With lighter inoculation a milder form of damping-off 
developed, or the disease took the form of root sickness, in which case a 
relatively large number of plants eventually recovered. The fungus is 
capable of attacking its host at any time after germination. Inoculations 
upon older seedlings also gave positive results. Young beets 4 or 5 weeks 
old were readily killed by inoculations upon the crown when no wound 


was made. 
DISTRIBUTION OF THE FUNGUS 


The distribution of the fungus is very general, but under field condi- 
tions damping-off due to Rhizoctonia is far more general in the soils of 
the semiarid West. Soils brought from western Kansas and Colorado to 
Wisconsin and placed in pots in the pathological garden yielded a large 
percentage of damping-off from Rhizoctonia sp., while Wisconsin soils in 
control pots were practically free from the ravages of this parasite. The 
fungus has been isolated a few times from the Wisconsin beet fields, but 
it appears to be of little consequence as a beet parasite under Wisconsin 
conditions. The reverse is true in Colorado and Kansas, where a majority 
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of the diseased seedlings examined have yielded cultures of Rhizoctonia. 
The fungus is the cause of a very destructive crown-rot in the West 
(Pl. XX, XXI, and XXII), where it frequently becomes epidemic. It is 
not uncommon to see entire fields of 50 or 100 acres practically destroyed 
in August by root-rot, of which there is no evidence earlier in the season 
(Pl. XXI, fig. 1). This form of rot is seen only occasionally in the more 
eastern beet-growing districts, where it appears to be of no economic 
importance. 


CONDITIONS INFLUENCING INFECTION 


The controlling influences in the distribution of the Rhizoctonia dis- 
eases of the beet may conceivably be associated with the unequal dis- 
tribution of the fungus or with differences in climate or in soil, or with 
any combination of these. Some light has been shed upon this point 
in the course of the inoculation experiments on growing beets. Field 
inoculations were first made in Wisconsin, using cultures obtained from 
Colorado and Kansas. The first series was made on August 21, 1912, 
by placing portions of mycelium upon agar among the heart leaves of 
beets in the field. The inoculations were made just at dark, and the beet 
leaves were moistened with water from a sprinkler, in imitation of a 
heavy dew. The morning of the 22d was cloudy, and a very little rain 
fell. The weather of the next few days was dry and hot. Examination 
a few days later showed that infection had occurred in all except one of 
the 29 beets inoculated. The disease, however, failed to make the 
progress typical of western conditions. At the time of harvest, October 
23, one beet showed no evidence of infection even at the point where 
inoculation was made and where the original dried culture was clearly 
seen. Six showed no injury other than slight lesions on petioles such 
as shown in Plate XXI, figure 2. Five showed old lesions on the crown, 
but they had entirely recovered. Eleven beets showed so slight evidence 
of decay that it was observed only on close examination. Five showed 
clearly defined decayed spots, but even these were restricted in area. 
One had entirely lost its original crown of leaves, but had formed scar 
tissue and had developed new leaves from the meristem at the sides. 
(Pl. XXII, fig. 1.) This was the only beet which had been injured for the 
commercial market, unless it might be that the sugar content of the 
others had been lowered. 

A second set of inoculations were made on August 28. In this 
instance 40 beets were inoculated by placing on the crown of each a 
portion of Rhizoctonia mycelium growing on a sterilized beet block. 
The results were very much like those of the first series. While the inoc- 
ulations took in every case, most of the beets outgrew the infection. 
Five beets were sufficiently injured to be unfit for market, but only one 
was killed. In these cases of serious infection the progress of the dis- 
ease corresponds closely to that seen in the West, although it was far 
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less rapid. ‘The fungus was readily recovered in culture from them. 
A photograph of the most seriously injured beet taken at the time of 
harvest on October 23 is reproduced in Plate XXII, figure 2. At that 
time the scars where the original infection had been produced could be 
found on all the beets. Some showed small areas of decay, but most 
of them were practically sound. 

A third series of inoculations were made on September 11 through knife 
wounds near the surface of the ground. These were made in imitation of 
cultivator injury and were infected by placing a rapidly growing culture 
of Rhizoctonia sp. on a beet block directly in contact with the injured 
surface. Thirty beets were inoculated; none of them was destroyed. 
About half of the number healed completely, so as to leave only a local 
scar at the point of inoculation. The others showed local decay, more 
or less characteristic of crown-rot. The fungus was readily recovered 
from several of these. The largest decayed area produced was about 
4 inches in diameter. At least half of this beet was still sound. 

At the time of harvest the beets which showed r1fo decay were topped 
to remove the leaves, the crown being left uninjured. They were placed 
on racks in the vegetable cellar and examined for decay from time to time. 
On April 3 all but two of them showed evidence of rot, although in most 
cases a close examination was necessary to discover it. Eighteen were 
selected and submitted to cultural tests for Rhizoctonia. Out of 68 
attempts to isolate the organism 54 yielded Phoma betae, 2 failed 
to develop, and the remaining 12 gave growths of various saprophytes. 
In no instance was it possible to secure a culture of Rhizoctonia. It was 
apparent that those beets which failed to develop decay in the fields had 
entirely thrown off the infection from Rhizoctonia. 

In order to determine to what extent this resistance to attack is to be 
attributed to local conditions of climate or soil, two large lots of soil from 
seriously infected beet fields, one in Kansas and one in Colorado, were 
shipped to Madison, Wis. Both types of soil were quite heavily infected 
with Rhizoctonia sp. That from Kansas was a sandy loam deficient in 
organic matter. It had received generous applications of factory waste 
lime and was of good mechanical texture. The Colorado soil was of 
compact structure containing an admixture of clay and fine silt. It was 
very deficient in organic matter, so that it was quite impervious and 
lumped badly. These soils were placed in unperforated, unglazed, 
12-inch crocks containing cinders at the bottom for drainage, and sunk 
into the ground out of doors to within 2 inches of the top. Soil from 
Madison was employed in similar crocks as a control. Six crocks of 
each soil were sterilized in an autoclave by heating for 12 consecutive 
hours under 15 pounds’ pressure, and six were left untreated. Untreated 
beet seed which showed remarkably strong germination and less than 
1 per cent of infection with Phoma betae wassown. Damping-off developed 
only in the unsterilized soil from Kansas and Colorado. Attempts to 
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isolate the causal organisms in 27 cases gave the following results: 
Rhizoctonia, 15; Phoma, 8; Fusarium, 2; Mucor, 1; undetermined, 1. 
Both of the parasitic forms were isolated from each of the two types of 
soil developing disease. A good stand, which was thinned to three, 
four, or, in a few cases, five plants per pot, was secured in each crock, 
however, in spite of damping-off. Early in July evidences of crown-rot 
developed in four of the six pots of unsterilized Colorado soil, but not in 
that from Kansas. In two of these pots the stand was entirely destroyed 
by July 21, and in a third there remained only one small seedling with 
four leaves, which appeared after the original stand had been killed. 
No disease appeared in the pots of sterilized soil, nor did root-rot develop 
in the unsterilized Kansas soil. On July 23 inoculations were made with 
a recently isolated Kansas strain of Rhizoctonia in two pots of each of the 
six classes of soils. Two pots of each class were reserved as controls, and 
two were inoculated with Phoma beiae, as previously reported. The 
inoculations were made on one beet only in each pot, by placing a piece 
of beet-block culture on the crown and a second fragment against a 
wound just below the surface of the soil. The other beets in the pots 
were not disturbed in any way. One beet in each control pot was 
wounded in a manner similar to that employed in the inoculations. 

The results in inoculated and in uninoculated pots are given in Table 
V. It is worthy of note that as a result of inoculating 1 beet in each of 
12 pots, 26 beets were killed and 7 more were so seriously diseased as to 
be made worthless, while only 3 resisted infection. One beet attacked 
in July by spontaneous rot recovered later. The fungus was recovered 
in culture from several of the diseased roots. 


TABLE V.—Results of pot experiments with Rhizoctonia rot 


INOCULATED POTS 














| Condition on October 18. 
Number j sccachaiainn| “bimmiaciaatads 
Source of soil. Pot No. Fon —. | Number 
| Jel : } Number | infected | Number 
¥ 3% | dead. but sound. 
| living. 
| 
UIC acacia ueure deur cee cuerede | 19 3 | cy erriee| reece 
bee PAK Kee wesc dvi menecemnsdeen 22 sa a] eee yl Peers 
Colorado: (sterilized)... 00. ccsecsenes | I 4 | Bilsccap eds I 
BN cieWeandvesnecceturtnawescautucs 4 4 | 2 Tt | ees 
fe On ree et er gem eens 25 3 | 2 | dl ees 
(0 ene a eens ere errr ies | 28 4 | 2 I I 
fC ) a ree | 31 2 | | Eee ara 
ae ee 34 4 | Mite cue eabagaee aed 
HIN Se recicucs nec ued wueeecrounts | 3 2 I | : 3 RR 
Riese ot aaa hae nein € oe Sk ow | 16 3 | I 1 | I 
Wisconsin (sterilized). ............... 7 3 | Mibae oe wawabeces 
Wessivacdastociucnanevsiesaanageeal 10 3 | 3 | eT Cre Creer ee 
| —_\— 
(PE ea ddsitcnucsudetcpecnnesans See 36 | 26 | 7 3 








@ The original stand of three beets had already been destroyed by spontaneous Rhizoctonia rot. The 
one plant living resulted from seed delayed in germination. 
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TABLE V.—Results of pot experiments with Rhizoctonia rot—Continued 


UNINOCULATED POTS 

















Condition on October 18. 
Number | 
Source of soil. Pot No. ,of — Number 
i = on Number | infected | Number 
wry et. | dead. but sound. 
| living. 
NN is oi ckipte de cakin dienes "al ears ee eres Seaenrereec| eetrences 
Se eee ee teed eae 23 as | teen bs 
Colorado (sterilized) ...... 066 cccee sees 2 a ee tcie. tronic peter 4 
BPO sian nc OG esa wi Dank, v ASC MAW Maines 5 | Ble rce ee tess cn 5 
Rena sir se tuticcnsateei meine 26 no Rameartes fem rec 3 
ROR cia rea he ei aisie ois aa acard eases 29 al Senne | renege a 3 
Bonnisas (terized) oo... ice cece cn 32 Palen ceieee 2 
cig: MOO eC ee 35 1a) Re | oe ee 3 
MEMS 6 Dip ehigak siaawasorceeekaGen 14 ig area 4 
RD Dia cine bepbuecre sie Masses sae xe eae 17 RAPS icon cpa eeeicrran b4 
Wisconsin (sterilized). ................ 8 a are y | Ceeeereer 3 
BOG Ge dWisucebare ws cinemas naianionae II an rear, Serer 3 
NN erik Rtaccusans root g ‘eaneax 37 | I sal 39 
| | 





@ Two of these beets were diseased with Rhizoctonia rot. One of them eventually recovered, and the 
other died 


6 The additional beet is known to have resulted from seed delayed in germination. 

Other inoculations with Rhizoctonia were made on beets growing in 
the field at Madison, Wis., Garden City, Kans., and Rocky Ford, Colo. 

Of 30 plants inoculated at Madison on July 23, 1 escaped infection, 2 
were infected but recovered, and 27 were killed. The fungus was re- 
covered in culture from several of them. The control plants, of which 
there were several hundred, remained healthy. 

The inoculations at Garden City were made on July 27 on beets fur- 
nished by Dr. C. F. Clark, of the Bureau of Plant Industry, who kindly 
made the field observations. The field was known to be somewhat 
infected with Rhizoctonia. One row was inoculated, those adjacent on 
either side being reserved as controls. The same procedure was observed 
in the inoculations with Phoma betae, previously reported, but since these 
did not produce disease, five rows, or 150 beets, became available for 
controls. Of the 30 inoculated plants, 23 were killed, 2 others were 
so seriously injured at the crown as to become entirely defoliated and 
apparently dead but developed a few new leaves late in the fall (October), 
and 5 escaped infection. ‘The rate of progress of the disease is shown in 


Table VI. Three control beets became infected during the season. 
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TABLE VI.—Results of inoculation experiments with Rhizoctonia sp. at Garden City, Kans. 














Number of dead sugar-beet plantson— Number 

Row a eee x... A healthy 
No. 7 Aug. | Aug. | Aug. | Sept. Sept. Sept. a plants 
9. | 13. 23. 3. 17. 23. plants. | on — 

Ef COMO eo osnces is ° ° I ° ° ° I 29 

2 | Rhizoctonia. .... 2 I II 6 I 4] 425 5 

SF CORIO sc s8 coves: ° ° ° ° ° I I 29 

4 Maas 44.0 I ° ° ° ° ° I 29 

5 | Phoma betae..... ° ° ° ° ° ° ° 30 

@ | COMRIOR.. ccc cceccs ° ° ° ° ° ° ° 30 
































@ Two of these made feeble effort at recovery in October, showing that a little parenchyma had survived. 


The 30 beets inoculated at Rocky Ford were killed, while all the con- 
trols remained healthy (Pl. XX, fig. 1). 

A consideration of the facts related indicates that soil properties are 
potent factors influencing the susceptibility of beets to attack by Rhi- 
zoctonia. It has long been maintained that clay soils and those which 
are seriously deficient in organic matter and of fine, compact texture, 
so as to bake readily, are most likely to develop Rhizoctonia diseases. 
Further indication of this is found in the development of spontaneous 
root-rot in the Colorado soils used in the pot experiments at Wisconsin. 
It did not develop in the other soils employed, although the amount of 
Rhizoctonia damping-off indicated that the Kansas soil was at least as 
heavily infected with Rhizoctonia as was the Colorado material. The 
experimental data lead to the conclusion, however, that, in the case of 
the Rhizoctonia root-rot of the beet, soil temperature is a more im- 
portant factor than soil texture. The inoculations in the field at Madi- 
son in 1912 were made at the beginning of a very hot period which en- 
dured for several days. Infection was produced uniformly, but in 
practically every case the beets completely recovered during the cooler 
weather which set in a few days after the inoculations were made. In 
1913 infection was attempted at an earlier date when it might be ex- 
pected that a somewhat longer period of hot weather would ensue. This 
proved to be the case and, as already pointed out, the inoculations were 
very generally successful. It is also significant that the cases of partial 
or complete recovery which occur appear late in the season when the soil 
temperatures are considerably lowered. 


PYTHIUM DEBARYANUM 


Hesse (24) reported Pythium debaryanum Hesse as a damping-off 
parasite of beets ir# 1874, but his experimental work appears to have 
been done on other hosts, so that while no one has doubted the accuracy 
of Hesse’s deductions, Peters (33, p. 221) appears to have been the first 
to demonstrate by culture methods that this fungus includes the sugar 
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beet among its hosts. The fungus is so well known that a description 
here is superfluous. It is very readily secured in pure culture and is 
easily carried upon media (Pl. XVI, fig. 1). It grows especially well with 
long-continued vitality upon string-bean agar. The sexual fruiting 
bodies are quite common in Petri-dish cultures upon this medium, but 
are rarely met with in tube cultures. The asexual conidia, as well as 
oospores, are formed abundantly when the fungus is grown in water 
upon sugar-beet seedlings in Petri dishes. The cultures obtained through- 
out the experiments were invariably identified by fruiting bodies, and 
the same method was applied in proving up the cultures recovered from 
artificial inoculation. Suspected seedlings were treated in bichlorid of 
mercury, rinsed in water, and plated upon the acid synthetic agar pre- 
viously mentioned (p. 137). When growth developed, the mycelium 
was examined through the bottom of the Petri dish by inverting the plate 
upon the stage of the microscope. If no septa were visible, the seedling 
was transferred to a sterile Petri dish after a subculture had been made 
from the growth. Sterile water was added to the fresh plate con- 
taining the seedling. In case the growth was Pythium debaryanum, 
the characteristic conidia developed in great numbers in from 24 to 48 
hours, to be followed during the next few days by oospores. Direct 
germination of conidia was often seen and could be very readily induced 
by adding a fresh beet seedling to the culture. Germination by zoo- 
spores was not observed, but no special effort was made to induce this 
type of development. 

The cultures used in the inoculation experiments were all morpholog- 
ically identical, so far as could be determined. They were secured from 
the following sources: 

Damped-off beets grown at Washington in the greenhouse, 2; at 
Madison, Wis., in the greenhouse, 6; at Madison in the greenhouse in 
Utah soil, 3; at Madison in the greenhouse in Michigan soil, 2; damped- 
off seedlings grown in Utah in the field, 1; grown in Wisconsin in the 
field, 1; grown in Colorado in the field, 1; damped-off pine seedlings from 
Kansas (contributed by Mr. Carl Hartley, of the Bureau of Plant Indus- 
try), 1; decaying potatoes, isolated in 1909, 1. . 

Mr. Hartley reported this strain pathogenic to pine seedlings, having 
produced damping-off with it to the extent of 100 per cent in the seed 
bed. 

Pythium debaryanum proved to be exceedingly destructive in the pot 
experiments. When infection was made at the time of seeding, even a 
temporary stand was seldom secured. Examination showed that the 
seed germinated, but that the plants were destroyed before they could 
come up. In many cases the embryo was killed while still within the 
seed. By delaying the inoculation until the seedlings were well started © 
typical damping-off was produced and the fungus recovered. It was a 
very common thing to find infection on the tips of the cotyledons. 
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This probably occurred while the leaves were still within the seed coat. 
The fungus was found to be capable of attacking the beet after it was 
5 or 6 weeks old. Peters’s statement (33, p. 228) that it is able to infect 
the side roots during the entire vegetative period is probably correct. 
When the taproot is once attacked by P. debaryanum, the ultimate 
death of the plant seems to be assured. Fortunately the soil relations 
in early seeding time are usually not sufficiently favorable to the rapid 
development of the fungus to make it an aggressive parasite under 
average field conditions. This fungus does not develop well in cold 
soil, but does its most serious work under seed-bed and greenhouse 
conditions or in the fields which have been seeded very late when the 
soil temperatures have begun to rise. 


UNDESCRIBED SPECIES INJURIOUS TO SUGAR BEETS 


In the author’s preliminary note (12) it was reported that Aphanomyces 
laevis De By. had been found as a damping-off fungus of sugar beets in 
America, but subsequent detailed morphological studies of the fungus 
as it developed in artificial culture and on beet seedlings have shown 
that it differs in some important respects from the published descriptions 
of De Bary and others. A. Jaevis was first reported in a parasitic relation 
by Peters (31) in 1906. He found the fungus as a damping-off parasite of 
considerable importance upon sugar beets in Germany. Barrett (4) has 
reported its occurrence in America as the cause of a disease of radishes. 
The first cultures of the fungus temporarily mistaken for A. laevis 
were secured from damped-off beet seedlings grown in soil which had pre- 
viously produced the black-root disease of the radish, like those shown 
in Plate XXIV, figure 2. It was iater obtained from soils at Madison, 
and from Kenosha, Wis., as well as from seedlings damping-off in soil 
which had been infected with fragments of a diseased radish obtained 
from Illinois. The causal relation of the organism to the radish disease 
as well as to damping-off of sugar-beet seedlings was confirmed repeatedly 
by inoculation experiments, and it was at first thought possible that the 
discrepancies between this fungus and published descriptions of A. laevis 
might be the result of response to the changed environmental conditions 
of culture or to variations within the species, since it is well known from 
the study of many investigators that the Saprolegniaceae are exceedingly 
variable. Through the courtesy of the Kaiserliche Biologische Anstalt 
at Dahlem, Germany, and Dr. Leo Peters, of that institution, the author 
was permitted to isolate Aphanomyces from the experimental fields of 
the Anstalt. An organism was secured from damped-off seedlings, which 
Dr. Peters identified as the organism with which he had worked and which 
conformed in every respect to De Bary’s description of A. /aevis. It was 
secured in pure culture, and its pathogenicity to beet seedlings was con- 
firmed by inoculation experiments. Unfortunately the culture was lost 











162 Journal of Agricultural Research Vol. IV, No. 2 





before it had been tested upon the radish and thereafter could not be 
secured again. The morphological studies, however, prove that the 
American fungus with which we have been working is not A. laevis, but 
a hitherto undescribed organism. Morphological, physiological, and 
cytological studies will be presented in another paper. 

In the work with sugar-beet seedlings five strains of the organism were 
employed which were obtained from the following sources: 

Seedling sugar beets grown at Madison, Wis., 2; at Kenosha, Wis., 1; 
in soil originally infected by radishes showing black-root, 2. 

The disease which it produces on the sugar beet is very simliar to that 
caused by Pythium debaryanum. The fungus is even more aggressive as 
a parasite than Pythium (Pl. XXIV, fig. 1). When the inoculations were 
made at the time of seeding, it was unusual for plants to appear above- 
ground. ‘The evidence obtained all goes to show that a seedling once 
attacked never recovers. 

A disease of the side roots of growing beets was encountered during the 
course of the studies in soils which had been inoculated with artificial 
cultures of the fungus several months earlier. A photograph of a speci- 
men is reproduced in Plate XXIII, figure 2. The fungus was readily iso- 
lated from diseased side roots of this beet and there appears to be no 
reason to doubt its causal relation to the trouble. Peters (33, p. 244) 
has quoted a similar disease of European beets caused by Aphanomyces. 

Comparatively little is known regarding the range of distribution of 
the fungus. What appears to be the black-root of radish has been 
observed in the District of Columbia, Maryland, Virginia, Long Island, 
Illinois, and at several points in Wisconsin, and there is reason to believe 
that other workers have found it in various places, although no records 
of such observations have been published. The disease produced by this 
fungus is so similar to that reported by Barrett (4) that they are not 
readily distinguishable, and it may be that either of these organisms is 
responsible for the disease in any of the stations mentioned. The author 
does not consider that his results should be construed to throw doubt 
upon the accuracy of Barrett’s observations, merely wishing to record 
a radish disease that is indistinguishable in external appearance from 
that produced by Aphanomyces laevis, but which is due to this hitherto 
undescribed parasite. 

The fungus is readily isolated from beet seedlings by the method al- 
ready described for Pythium debaryanum. In this case, however, the 
subcultures should be made to string-bean agar, upon which the organ- 
ism produces a luxuriant growth. Sterilized beet seedlings in water in 
test tubes make an excellent medium for the cultivation of this fungus. 
The limit of vitality in culture has not been determined, but transfers 
made to string-bean agar on July 2 from beet-seedling water cultures 
made on February 12 developed a heavy growth overnight, showing 
not the least loss of vitality. 
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The vegetative stage of the fungus is strikingly like that of P. debary- 
anum, so that they can not be distinguished readily except by the fruit- 
ing bodies, which develop readily in water cultures in plates in from 24 
to 48 hours. The zoospores develop first, to be followed somewhat 
later by the Pythium-like oospores. The asexual fruiting bodies are 
first noted as the swollen ends of hyphz, which vary greatly in length and 
are characteristically somewhat branched. They average from 150 to 
goo in length or even more. When mature, these bodies discharge 
their contents in a spherical mass which cleaves in the course of 20 or 
30 minutes, giving rise to numerous zoospores. 


OTHER FUNGI FOUND ON SUGAR BEETS 


In the course of the isolation work various other fungi were secured. 
Some of these were known saprophytes, while others, like Macrosporium, 
Mucor, and Botrytis, have sometimes been reported in parasitic rela- 
tions, but gave negative results in our trials. Fusarium and Verticillium 
cultures were secured frequently, but inoculation experiments with these 
genera were deferred pending the completion of taxonomic work by 
other investigators. 

There remains to be discussed a peculiar type of decay of growing 
beets and a root sickness of seedlings associated with Rhizopus nigricans 
Ehr. Cultures of this fungus were frequently isolated in the course of 
experimental work from seedlings. Specimens of mature beets affected 
by a peculiar light-brown decay were received in the laboratory from 
California during the campaign of 1910. The interior portion of these 
beets yielded a very large proportion of cultures of Rhizopus. The 
decay was very characteristic and unlike anything before seen. In the 
early stages the material was almost normal in appearance, except for 
the discoloration. It later assumed a somewhat flabby texture and 
developed pockets in the interior which were filled with a nearly colorless 
fluid rich in acetic acid, as was determined by the odor and by chemical 
tests. 

In 1912 a somewhat similar trouble was reported from Colorado, and 
a visit was made to the field (Pl. XXV, fig. 1). The beets at that time were 
dead over considerable areas. Those most recently attacked showed the 
same light-brown color previously referred to (Pl. XXV, fig. 2), while those 
in the more advanced stages of decay presented various symptoms be- 
tween the early condition and almost complete dissolution of all except 
the vascular tissue. Some, however, were apparently pickled in acetic 
acid, formed probably from the fermentation of the carbohydrate con- 
tent. A very large number of attempts to isolate an organism of known 
pathogenic properties was made. The trials yielded Rhizopus nigricans 
in pure cultures to the extent of almost 100 per cent. Inoculation work 
in the laboratory upon dormant beets in moist chambers resulted in the 
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reproduction of decay similar in appearance to that occurring in the two 
cases described. The acetic-acid development, however, did not occur 
except in a slight degree in a few instances, and there is no certainty 
that in these cases it did not result from contamination. Inoculation 
experiments made in the field upon living material invariably yielded 
negative results. Inoculation experiments upon seedlings made in the 
usual manner also failed to produce damping-off when reasonably good 
conditions of culture were maintained. It was possible, however, to 
produce a disease which showed the symptoms of root sickness when 
the soil was excessively wet and the temperature rather adverse. Nat- 
urally the fungus was easily isolated from such material. The control 
plants, however, were sickly or diseased on the roots, and it is highly 
probable that the results obtained in the inoculation experiments with 
seedlings are to be attributed to physiological injury, which opened the 
way for the Rhizopus to grow saprophytically upon the tissue. 

Inquiry into the history of the fields that produced the peculiar rot 
with which this fungus was associated revealed the fact that at least 
one of them had been flooded for a time and that the other had been 
excessively moist for several consecutive days prior to the appearance of 
the disease. In view of these facts and the results of experimental work, 
it seems reasonable to conclude that the beets were originally killed or 
at least materially weakened by adverse physiological conditions and 
that Rhizopus nigricans followed as a saprophyte or weakling parasite 
producing a characteristic type of decay. 


ALKALI INJURY TO SUGAR BEETS 


During a field trip in Colorado late in August, 1912, the writer was 
called upon to visit a beet field in which a peculiar rot was developing. 
The beets had made a good growth, and most of them were above the 
average in size. The foliage was luxuriant, but was characterized by a 
bluish green color and a brittle texture. Little evidence of disease, 
aside from the abnormal appearance of the foliage, was evident until 
the plants were pulled, when it was seen that many beets were decayed 
at the lower portion of the root. Some agency had killed the taproot, 
following which a soft rot was destroying the tissue. A majority of the 
plants in the portions of the field most seriously affected showed a 
characteristic cracking and corroding of the root, like that shown in 
Plate XXVI. 

Evidences of alkali could be seen on. the surface of the soil here and 
there, and it seemed probable that the deeper branches of the taproot had 
been killed by alkaline waters. This probability was increased by the 
fact of the close proximity to the field of an irrigation reservoir the waters 
of which were evidently quite alkaline, as could be seen from the crust of 
salts on the ground at the edge of the lake. As a further test upon this 
opinion, several beets were taken to the laboratory and attempts were 
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made to isolate pathogenic organisms, but with negative results. Several 
of the plants upon which decay already had made considerable progress 
were placed in fresh soil in the greenhouse and held under observation to 
determine whether the disease would continue to develop. Without ex- 
ception these plants healed and thereafter showed no evidences of disease. 
The foliage which they put forth was normal, giving no evidence of the 
brittleness or blue-green color noted in the field. The results seemed to 
justify the conclusion that the plants were suffering from excessive alkali 
brought in by seepage from the neighboring reservoir. 


SUMMARY 


The more important points brought out in this paper may be sum- 
marized as follows: Four fungi have been found to stand in a causal rela- 
tion to damping-off of sugar beets in America. These are Phoma betae 
(Oud.) F'r.; Rhizoctonia sp. probably identical with Corticitum vagum B. and 
C., var. solani Burt.; Pythium debaryanum Hesse; and an undescribed 
member of the Saprolegneaceae. 

Under favorable conditions of culture, plants attacked by Phoma betae 
or Rhizoctonia may recover cither temporarily or permanently. Attacks 
of the other two fungi upon the seedlings may be expected to prove fatal. 
Phoma and Rhizoctonia are capable of producing characteristic decay in 
mature beets. The former appears to infect the plants primarily in the 
seedling stage, and when recovery occurs it remains thereafter in a dor- 
mant condition upon the host. It occasionally develops a characteristic 
black rot on growing beets in the field and more frequently appears upon 
mother beets in storage. When it does not destroy the root, it may infect 
the seed stalk and appear upon the mature seed. Control measures are 
to be sought in proper cultural methods and seed treatment which looks 
forward to the production of seed free from infection. Pythium debary- 
anum is capable of attacking the feeding roots of the beet throughout its 
vegetative period, and the new fungus is also able to cause trouble on 
mature beets in a similar manner. Rhizopus nigricans Ehr., while unable 
to produce disease on normal plants in the field, is capable of attacking 
the tissue of dead or dormant sugar beets, producing a characteristic 
decay. 

LITERATURE CITED 
(1) Atkinson, G, F. 
1892. Some diseases of cotton. Ala. Agr. Exp. Sta. Bul. 41, 65 p., 25 fig. 
(2) Baus, W. L. 
1906. Physiology of a simple parasite. Preliminary note. In Yearbook, 
Khediv. Agr. Soc., 1905, p. 173-195, pl. 6-7. 





1907. Physiology of a simple parasite. Pt. 2. In Yearbook, Khediv. Agr. 
Soc., 1906, p. 93-99, pl. 13-16. 
(4) Barrett, J. T. 
1912. A serious root disease of radish. (Abstract.) Jn Phytopathology, v. 2, 
no. 2, p. god. 





















166 Journal of Agricultural Research Vol. IV, No. 2 





(5) Busse, Walter. 
1908. Der Wurzelbrand der Riiben. In Bl. Zuckerritbenbau, Jahrg. 15, 
No. 19, p. 297-300, 1 col. pl. 











(6) - PETERS, Leo, and FABER, von. 
1907. Uber den Wurzelbrand der Zuckerriiben. Jn Mitt. K. Biol. Anst. 
Land- u. Forstw., Heft 4, p. 15-18. 
(7) and ULRICH, P. 


1911. Uber das Vorkommen von Wurzelbranderregern im Boden. In Arb. K. 
Biol. Anst. Land- u. Forstw., Bd. 8, Heft 2, p. 260-302. 
(8) CANDOLLE, A. P. de 
1815. Mémoire sur les Rhizoctones ... In Mém. Mus. Hist. Nat. [Paris], 
t. 2, p. 209-216, pl. 8. 
(9) Ducear, B. M. 
1899. Three important fungous diseases of the sugar beet. N. Y. Cornell Agr. 
Exp. Sta. Bul. 163, p. 339-363, fig. 49-63. 
Gap oe 
1909. Fungous Diseases of Plants. 508 p., illus., pl. Boston and New York. 
and Stewart, F. C. 
1go1. The sterile fungus Rhizoctonia as a cause of plant diseases in America. 
N. Y. Cornell Agr. Exp. Sta. Bul. 186, p. 51-76, fig. 15-23. 
(12) Epson, H. A. 
1913. Damping-off and root rot parasites of sugar beets. In Phytopathology, 
Vv. 3, m0. I, p. 70. 
(13) Erpam, Eduard. 
1888. Untersuchungen zweier Krankheits-Erscheinungen die an den Wurzeln 
der Zuckerriibe in Schlesien letztem Sommer ziemlich haiufig vorkom- 
men sind. Jn 65. Jahresber. Schles. Gesell. Vaterland. Cult., 1887, 
p-. 201-203. 
ERIKSSON, Jakob. 
1903. Einige Studien iiber den Wurzeltéter (Rhizoctonia violacea) der Méhre, 
mit besonderer Riicksicht auf seine Verbreitungsfahigkeit. Jn Centbl. 
Bakt. [etc.], Abt. 2, Bd. 10, No. 22/23, p. 721-738, fig. 1-3; No. 24/25, 
p. 766-775, fig. 4, 1 pl. 





(11) 


























~~ 


(14 
































(13) —— 
1912. Svampsjukdomar 4 svenska betodlingar. Jn K. Landtbr. Akad. Handl. 
och Tidskr., arg. 51, no. 6, p. 410-437, 9 fig. 
(16) FRANK, A. B. 











1892. Ueber Phoma Betae, einen neuen parasitischen Pilz, welcher die 
Zuckerriiben zerstért. Jn Ztschr. Ver. Riibenz. Indus. Deut. Reichs, 
Bd. 42 (n. F. Jahrg. 29), p. 904-916, pl. 20. 




































































(17) 
1894. Zur Bekampfung von Phoma Betae. Jn Ztschr. Ver. Riibenz. Indus. 
Deut. Reichs, Bd. 44 (n. F. Jahrg. 31), Tech. T., p. 158-169. 
(18) 
1895. Neue Untersuchungen iiber Phoma Betae. Jn Ztschr. Ver. Riibenz. 
Indus. Deut. Reichs, Bd. 45 (n. F. Jahrg. 32), Tech. T., p. 157-188, 
271-293, pl. g-11 (2 col.). 
(19) 
1896. Bericht iiber Versuche zur Bekampfung der Herz und Trockenfaule der 
Zuckerrtiben im Jahre 1896. Jn Ztschr. Ver. Riibenz. Indus. Deut. 
Reichs, Bd. 46 (n. F. Jahrg. 33), Tech. T., p. go1-928, 1 fig. 
(20 





1898. Ueber die durch Phoma Betae verursachte Blattflecken- und Samen- 
stengel-Krankheit der Riiben. Jn Ztschr. Ver. Deut. Zuckerindus., 
Bd. 48 (n. F. Jahrg. 35), Tech. T., p. 711-717. 














May rs, 1915 Seedling Diseases of Sugar Beets 167 








(21) Gussow, H. T. 

1905. Potato scurf and potato scab. Jn Jour. Roy. Agr. Soc. England, v. 66, 

P- 175- 
(22) Hepccock, G. G. 

1904. Proof of the identity of Phoma and Phyllosticta on the sugar beet. In 

Jour. Mycol., v. 10, no. 69, p. 2-3. 
(23) HELLRIEGEL, F. H. 

1890. Welche Bedeutung hat die Schadigung der jungen Riiben durch Wurzel- 
brand (schwarze Beine) und welche Mittel gegen dies Uebel sind 
bekannt? Jn Deut. Zuckerindus., Jahrg. 15, No. 24, p. 745. 

(24) HEssE, Rudolph. 

1874. Pythium de Baryanum ein endophytischer Schmarotzer in den Geweben 
der Keimlinge der Leindotter, der Riiben, des Spergels und einiger 
anderer landwirtschaftlichen Kulturpflanzen. 76 p., 2 pl. Halle 
a/S. Inaugural-Dissertation—G@ttingen. 

(25) Kricer, Friedrich. 

1893. Phoma Betae (Frank), als einer der Erreger von Wurzelbrand der Riiben- 
pflanze. In Ztschr. Ver. Riibenz. Indus. Deut. Reichs, Bd. 43 (n. F. 
Jahrg. 30), p. 730-743. 





1893. Weitere Untersuchungen iiber die neue Krankheit der Zuckerriibe 
verursacht durch Phoma Betae (Frank). Jn Ztschr. Ver. Riibenz. 
Indus. Deut. Reichs, Bd. 43 (n. F. Jahrg. 30), p. go-111, 7 fig. 
(27) Kun, J. G. 
1858. Die Krankheiten der Kulturgewachse ... 3:2 p., 7 pl. Berlin. 
(28) LinD, Jens. 
1913. Danish Fungi as Represented in the Herbarium of E. Rostrup. 648 p., 
illus., g pl. Copenhagen. 
(29) Oupemans, C. A. J. A. 
1877. Aanwinsten voor de flora mycologica van Nederland van Juli 1875 tot Juli 
1876. In Nederland. Kruidk. Arch., s. 2, deel 2, stuk 3, p. 176-188. 
(30) PAMMEL, L. H. 
1891. Preliminary notes on a root-rot disease of sugar beets. Iowa Agr. Exp. 
Sta. Bul. 15, p. 243-254, fig. 1-2, pl. 3-6. 
(31) PrrErs, Leo. 
1906. Zur Kenntnis des Wurzelbrandes der Zuckerriibe. Jn Ber. Deut. Bot. 
Gesell., Bd. 24, Heft 6, p. 323-329. 





1907. Der Wurzelbrand der Zuckerriiben. Jn Umschau, Jahrg. 11, No. 5, 
p. 85-87, 4 fig. 





1911. Uber die Erreger des Wurzelbrandes. Jn Arb. K. Biol. Anst. Land- u. 
Forstw., Bd. 8, Heft 2, p. 211-259, 12 fig. 
(34) PooL, Venus W., and McKay, M. B. 
1915. Phoma betae on the leaves of the sugar beet. Jn Jour. Agr. Research, 
Vv. 4, No. 2, p. 169-178. 
(35) PRILLIEUX, E. E. 
1891. La pourriture du cceur de la betterave. Jn Bul. Soc. Mycol. France, 
t. 7; Pe BG—I9; 





(36) 
1895-1897. Maladies des Plantes Agricoles ... 2 t. Paris. 
(37) ———— and DELAcro1x, Georges. 
1891. Complément a 1’étude de la maladie du coeur de la betterave. Jn Bul. 
Soc. Mycol. France, t. 7, p. 23-25, pl. 3. 












168 Journal of Agricultural Research Vol. IV, No. 2 





(38) Rous, F. M. 
1902. Potato failures. A preliminary report. Colo. Agr. Exp. Sta. Bul. 70, 
20 p., 12 pl. 





(39) 
1904. Potato failures. A second report. Colo. Agr. Exp. Sta. Bul. 91, 33 p., 
5 pl. 
(40) Rostrup, Emil. 
1889. Oversigt over de i1888 indlgbene Forespgrgsler angaaende Sygdomme 
hos Kulturplanter. Voredrag i det Kgl. Landhusholdningsselskab 20. 
Marts 1889. Jn Tidsskr. Landékonom., Raekke 5, Bd. 8, p. 744-751. 
Reprint, Kjgbenhavn, 1890. Original not seen. 





(41) 
1894. Phoma-Angriff bei Wurzelgewachsen. Jn Ztschr. Pflanzenkrank., Bd. 4, 
P. 322-323. 
(42) Suaw, F. J. F. ; 
1912. The morphology and parasitism of Rhizoctonia. Jn Mem. Dept. Agr. 
India, Bot. Ser., v. 4, no. 6, p. 115-153, 11 pl. 
(43) TuLASNE, L. R., and TuLasne, Charles. 
1851. Fungi Hypogaei ... 222 p., 21 pl. (partly col.) Parisiis. 
(44) WOLLENWEBER, H. W. 
1913. Pilzparasitare Welkekrankheiten der Kulturpflanze. Jn Ber. Deut. Bot. 
Gesell., Bd. 31, Heft 1, p. 30. 








PLATE XVI 
Isolation cultures from sugar-beet seedlings, 


Fig. 1.—Rhizoctonia sp. 
Fig. 2.—Pythium debaryanum. 
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PLATE XVII 
Phoma betae. 


Fig. 1.—Isolation culture from sugar-beet seedling. 
Fig. 2.—Fruiting culture on string-bean agar. 








PLATE XVIII 


Fig. 1.—Half-grown sugar beets showing crown-rot caused by Phoma betae. 


Fig. 2.—Sugar beet showing seedling injury caused by Phoma betae. 
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PLATE XIX 
Mother beet showing storage decay caused by Phoma betae. 





PLATE XX 


Rhizoctonia sp.: Root-rot of sugar beet. 


Fig. 1.—Result of artificial inoculation, control beet in center. 
Fig. 2.—Result of natural field infection. Note sclerotia on specimens at right. 





Seedling Diseases of Sugar Beets PLATE XX 

















Journal of Agricultural Research Vol. IV, No, 2 





Seedling Diseases of Sugar Beets PLATE XX| 


























Journal of Agricultural Research Vol. IV, No. 2 

















PLATE XXI 


Fig. 1.—Sugar beet showing field-rot caused by Rhizoctonia sp. Natural infection. 
Fig. 2.—Sugar beet showing artificial infection with Rhizoctonia sp, on the petiole. 
The disease has been arrested. 





PLATE XXII 
Results of artificial inoculation with Rhizoctonia sp. 


Fig. 1.—Sugar beet, photographed from above, showing original crown destroyed, 
and new leaves developing from the sides. 
Fig. 2.—Section of sugar beet showing character of Rhizoctonia injury. 
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PLATE XXIII 


Fig. 1.—Sugar beet showing large sclerotium (4 inch) resulting from artificial inocu- 
lation with Rhizoctonia. The beet has resisted infection. 
Fig. 2.—Half-grown sugar beet showing injury to feeding roots due to an undescribed 
parasite. 
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PLATE XXIV 


Fig. 1.—Sugar beet showing damping-off due to an undescribed parasite; control 
pot at right. 
Fig. 2.—Radish showing black-root caused by the same fungus. 
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PLATE XXV 


Fig. 1.—Field in which Rhizopus rot developed. 
Fig. 2.—Typical beets from the field shown in figure 1. 





PLATE XXVI 


Sugar beet showing alkali injury. 
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PHOMA BETAE ON THE LEAVES OF THE SUGAR BEET 


By Venus W. Poot, Assistant Pathologist, and M. B. McKay, Scientific Assistant, 
Cotton- and Truck-Disease and Sugar-Plant Investigations, Bureau of Plant Industry 


INTRODUCTION 


Various names have been given at different times to the fungus caus- 
ing a root-rot, a damping-off, and a leaf-spot of the sugar beet (Beta 
vulgaris L,.), and consequently their relationship to each other has not been 
recognized. The leaf-spotting was attributed by Oudemans! to Phyllo- 
sticta betae and later by Prillieux and Delacroix? to P. tabifica. Frank 
believed the latter organism to be identical with his root-rot fungus, 
Phoma betae, but on account of generic differences no combination of 
names was made. Hedgcock* pointed out for the first time a definite 
connection between Phyllosticta on the leaf and Phoma on the root. 
Peters® and Edson® give evidence that the fungus which produces leaf- 
spotting is also a cause of damping-off. The present investigation shows 
that the leaf-spot and the root-rot organism are the same and points out 
that the entire life cycle of the fungus must be considered in any inter- 
pretation that is made of the disease phenomena. The name “ Phoma 
betae (Oud.) Fr.” is deemed by the writers and by Edson® to be correct and 
inclusive; however, the generic name “ Phyllosticta”’ is retained in this 
paper for the organism isolated from leaves. 


SYMPTOMATOLOGY 


A mature, normally developed spot of Phoma betae on the sugar-beet 
leaf varies in size from 1 to 2 cm. in diameter and is usually light brown 
in color. At times such spots show concentric rings of growth, the 
different zones being outlined by pycnidia. There is no sharp differen- 
tiation (Pl. XX VII) between the infected area and the surrounding tis- 
sue, owing to the lessened activity of the beet leaf at the time the organ- 
ism is growing in the leaf tissue. This accounts for the comparatively 
large size of the spot and its rather diffusive character. The spots which 
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first appear are generally brown, rarely red, in color. The latter color 
suggests that the lesion was first produced by some injury which probably 
caused the formation of carotin, the fungus later gaining an entrance. 
Typical spots grow rapidly and after 10 days or 2 weeks the black, 
somewhat erumpent pycnidia develop. 

During the growing season of 1912 at Rocky Ford, Colo., observations 
were made of the different types of Phoma spots that were found to 
occur. Small brown spots were first noted on old mature leaves in the 
early part of July. Cultures made from such spots developed colonies 
of Cercos pora beticola and Phoma betae. Several small red spots collected 
somewhat later gave either pure cultures of P. betae or a mixture of 
Phoma and an Alternaria. It would seem that the earliest spots con- 
tained more than one organism, owing probably to the fact that insect 
wounds made it easy for various fungi to enter. These spots frequently 
did not enlarge, showing that the organism had gained no sure foothold. 
By the last of July or the first part of August large, light-brown, typical 
spots yielded pure cultures of P. befae. Such spots always occurred on 
those leaves which were old and showed symptoms of yellowing. Con- 
sequently on a normal beet plant only a few leaves were infected, but 
on a plant that was physiologically weakened as a result of rot caused 
by Rhizoctonia solani or of some other factor inimical to plant growth 
many leaves were found to have typical spots. This observation was 
confirmed during the season of 1914 at Madison, Wis., where many of 
the leaves on the “mother beet”’ plants were found to be infected with 
Phoma. The roots from which these plants had grown had been more 
or less affected by various storage rots during the preceding winter, and 
consequently the vitality of the plants was greatly lowered. 

The leaves attacked on the normal and abnormal plants showed the 
same symptoms of age. Thus, it would seem from field observations 
that the age of the leaf becomes the important factor in its susceptibility 
to the disease, and this is upheld in controlled experiments. 


AGE AS A FACTOR IN LEAF SUSCEPTIBILITY 


Practically all inoculation experiments carried on in 1912 to determine 
the connection between Phoma betae and Phyllosticta betae gave negative 
results. In all the preliminary studies the pycnospores of Phoma from 
the root and of Phyllosticta from the leaf were suspended in sterile 
water and either sprayed or smeared on leaves of all ages. Out of 150 
inoculations thus made there were only four infections, and these occurred 
on old, yellow leaves, indicating that the organism is only rarely able to 
penetrate the unbroken epidermis. Later work has shown that even 
at the most favorable age the great majority of infections take place 
through some lesion on the leaf surface. 
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It was found, after making a large number of counts, that the maturity 
and the relative age of the different leaves of a beet plant could be deter- 
mined by taking an average of the number of stomata on a given area 
at the base, middle, and apex of the leaf.'_ Numerous preliminary deter- 
minations showed that within certain ranges the number of stomata that 
occurred on either surface of the leaf was indicative of its age, so, for 
convenience, all subsequent counts were made on the upper surface. It 
was ascertained that leaves with 53 to 100 stomata per square milimeter 
could be considered as mature and were so designated. Every leaf in the 
outermost whorls on all plants examined gave stomatal counts within 
this range. Presumably the cells of such leaves had reached their maxi- 
mum growth and their greatest metabolic activity. Young mature 
leaves which had a stomatal count per square milimeter of 92 to 133 were 
usually taken from a medium position on the plant and were metabolically 
active, although they had not as yet reached their greatest size. Leaves 
which had 134 or more stomata per square milimeter were very imma- 
ture and were located near the heart growth of the plant. 

In order to determine which were the most susceptible to infection by 
Phoma betae, 21 needle lesion inoculations on young leaves, 39 on medium- 
aged leaves, and go on old, mature leaves were made. Only 34 infections 
developed, and these were on the old, mature leaves. A comparable 
series of inoculations made with Phyllosticta betae gave 25 infections from 
91 inoculations on old, mature leaves, no infections from 12 inoculations 
made on medium-aged leaves, and none from 42 made on young leaves. 
On the petioles 50 inoculations gave no infection with either organism. 
The number of infections was not increased when the plants were cov- 
ered with bell jars or pots, but the infected areas appeared somewhat 
sooner than on uncovered plants. Typical spots developed, if at all, from 
two to four days after inoculating; however, this incubation time is in 
all probability lengthened under less favorable field conditions. (See 


Table 1.) 





1 The stomatoscope originated by Prof. F. E. Lloyd was made available for the work through the kind- 
ness of the Alabama Polytechnic Institute. At times an adaptation of the stomatoscope with an ordinary 
microscope was employed. 
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TABLE I.—Results of inoculating sugar-beet leaves of different ages © with Phoma betae 
and Phyllosticta betae 
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@ Inoculations made on plants in the greenhouse of Bureau of Plant Industry, at Washington, D. C., on 


January 15 and 24, 1914 


> Phoma betae was reisolated from all infected spots that are indicated in series 1 and 2. 
¢ The leaves in this series occupied the outermost position on the beet plants. 


¢ The leaves designated as ‘‘ young mature’’ were those occupying a 





medium position in the plant growth. 
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TABLE I.—Results of inoculating sugar-bect leaves of different ages with Phoma betae 
and Phyllosticta betae—Continued 
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a ‘*‘Heart"’ leaves occupied the central portion of the plant. 


The data recorded in Table I (series 1, 3, and 4) show that the old, 
mature leaves of the sugar-beet plant or those leaves which are beginning 
to yellow are the only ones that are susceptible to Phoma betae. In order 
to corroborate this point, additional inoculations were made on leaves that 
were deemed to be in this condition at the time of inoculating. Out of 48 
inoculations with Phoma betae 32 typical spots were produced, and with 
a like number of inoculations with Phyllosticta betae 23 infections devel- 
oped. It will be noted in Table I (series 2) that the inoculations which 
did not produce infections were made on leaves that were evidently not 
correctly determined as to their degree of maturity, since, as a rule, they 
had not yet attained this age at the time the infections should have 
developed. The cultures in this series were obtained from reisolations 
of Phoma and Phyllosticta infections of series 1. 

The original cultures used for the inoculations with Phoma betae were 
obtained from Mr. H. A. Edson, of the Bureau of Plant Industry, who 
isolated the organism from rotted sugar beets kept in storage at Long- 
mont, Colo. Those of Phyllosticta betae used in the inoculations were 
obtained from heavily infected sugar-beet leaves that had been collected 
in Colorado during the growing season of 1913. Puncture inoculations 
used exclusively in this experiment were made from a suspension of 
the pycnospores in sterile water. 


DISSEMINATION OF PHOMA BETAE 


Such agencies as beet balls,’ wind, irrigation water, insects, and dung 
play an important part in the distribution of Phoma betae in the field. 








1 Edson, H. A. Op. cit., p. 141. 
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From 44 plate cultures exposed (2 plates at a time) for 15 to 30 minutes 
near the open ground surface in various beet fields at different times 
from June 7 to September 10, 1912, inclusive, at Rocky Ford, Colo., 
50 colonies of P. betae were obtained. The fungus was present in the 
air at temperatures which varied from 68° to 115° F. at the ground 
surface, with relative humidities from 39 to 71 per cent. These read- 
ings were taken during the time that the plates were exposed. The 
organism was not obtained from plates exposed during one night, an 
experiment which was of necessity limited. Its presence in the .air 
seemed to be dependent on the humidity, a high humidity apparently 
-ausing the pycnidia to expel their spores, while a subsequent decrease 
in the relative humidity caused the spores to escape into the air. 

At certain times P. betae occurs abundantly in irrigation water. This 
is particularly true late in August and early in September. The pyc- 
nidia are well formed on the leaves by this time, and if moistened they 
burst and many spores are expelled. Samples of irrigation water 
which was either standing between the rows or had drained to the lower 
portions of the beet fields about one day after irrigation yielded Phoma 
in several cases in the tests made in 1912. Thirty-three colonies of P. 
betae in plate cultures were obtained from 23 c. c. of water representing 
four such samples, while 3 c. c. of water flowing through a field yielded 
nine colonies in cultures. 





Three species of insects have been found to be carriers of the fungus to 
only a slight extent. Two culture tests made with the moth of the beet 
webworm, Loxostege sticticalis 1,., yielded many colonies of P. betae in the 
latter part of July, while cultures made at later intervals gave negative 
results. Several tests made of the alkali beetle, Monoxia juncticollis 
Say, and the larve of the woolly bear (yellow), Diacrisia virginica Fab., 
yielded only a few colonies of the fungus. 

Phoma betae may occur in abundance in the dung present in feed yards 
where beet tops have been fed. It is not to be concluded that the pres- 
ence of the organism here indicates that it can survive a passage through 
the alimentary tract of cattle or sheep, but rather that the fungus is 
viable in dung after the ordinary method of feeding beet tops where they 
are not entirely consumed. In one test made early in January, 1913, 
36 colonies of P. betae were obtained from nine small drops of strong 
manure decoction. 


FACTORS INIMICAL TO VIABILILITY OF PHOMA BETAE IN BEET 
LEAVES 
DRY HEAT 
The thermal death point of Phoma betae in sugar-beet leaf tissue exposed 
for half an hour to dry heat is between 80° and go° C. Seventy isolations 


of Phoma betae were made from spots on leaves exposed at 70° for half 
anhour. At 80° two colonies developed in cultures made from approxi- 
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mately the same amount of material, and at g0° and 100° none were 

obtained. It is evident, therefore, that the fungus would be rendered 

harmless when infected beet tops are dried in a pulp drier. 
OVERWINTERING UNDER FIELD CONDITIONS 


Phoma betae has been found to be present to a slight extent in the soil 
of old sugar-beet fields. It was isolated from samples of finely divided 
soil taken during March and April, 1912, from fields near Rocky Ford, 
Colo., which had been in sugar beets for several years. Four colonies 
were obtained from 0.05 gm. of a surface sample, while from cultures 
made from 0.25 gm. representing two different first-foot samples eight 
colonies were obtained. No growth of the fungus occurred in cultures 
made from second- and third-foot samples. Although the tests were 
continued throughout May, June, July, and the first part of August, 
no further isolations were made. 

About the middle of October, 1912, sugar-beet leaves which were 
infected with P. betae were mixed with soil to the depth of 6 inches in a 
box and left exposed to outdoor weather changes. No cultures of the 
organism could be obtained from these leaves after 3 months. However, 
different results were obtained when the leaves were buried at various 
depths in the ground. It was found that the fungus was viable at the 
end of 3 months in leaves which had been buried at depths of 1 to 5 
inches or had been kept in the interior of a pile of hayed beet leaves. 
The organism was isolated from leaves buried at depths of 1 to 5 inches 
after 5 months, but there was no development from the leaves buried 6 
to 8inches. At the end of 12 months no growth of P. betae was obtained 
at any depth, and the leaves were practically all disintegrated. How- 
ever, the viability of the fungus was not impaired in dried leaves stored 
under herbarium conditions for over 2 years. 

The maximum temperature of the air from October, 1912, to September, 
1913, inclusive, the time of the overwintering experiment, varied from 
4° to 102°, the minimum from — 20° to 72° F. The maximum tempera- 
ture of the ground at a depth of 5 inches from December, 1912, to May, 
1913, inclusive, varied from 42° to 92°, the minimum from 22° to 51° F. 
During the 12 months of the experiment there was 9.34 inches of rainfall 
‘and snow, mostly during April, May, June, and July. There was no 
precipitation during November and December of 1912, but there occurred 
o.2 inch in January, and 0.4 inch in October, 1913. During this time the 
lowest soil and air temperatures were registered. 

It appears, then, that the results on the: viability of the organism 
obtained from covering the leaves with soil in boxes are not comparable 
to those obtained under field conditions. The temperature of the air 
varies from that of the soil to such a degree that accurate results for 
field comparison can not be obtained in such an experiment. A period 
of one year seems sufficient to eliminate Phoma betae from infected beet- 
leaf material left in the field, although there is a probability that the 
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fungus mycelium may remain dormant for a longer period of time in a 
sugar-beet root or “mother beet” stalk. The writers have found no 
evidence of a perfect stage of the organism. 

The leaves for the outdoor-exposure experiments were buried in such a 
manner that examination was rendered convenient and accurate. The 
following method was suggested by Mr. W. A. Orton, Pathologist in 
Charge of Cotton- and Truck-Disease and Sugar-Plant Investigations, 
Bureau of Plant Industry. The soil was removed to the depth required 
and a piece of 2-inch mesh wire was placed on the exposed ground surface. 
The layer of leaves was then packed over this, another layer of wire added, 
and then soil to the depth desired. In examining the leaves at any time 
the layer of wire served to show the position of the leaves, and definite 
spots could be taken for cultural material. The effect of outdoor 
winter conditions on the viability of Phoma betae in infected beet tops is 
given in Table II. 


TABLE II.—Effect of different methods of overwintering on the viability of Phoma betae 
in infected beet leaves 
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4 String-bean agar was used for all cultures. 
> The number of spots used for each cultural plate varied from 1 to 4 or s. 
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ENSILAGE 


The process of siloing infected beet tops has been found to be sufficient 
to kill Phoma betae. In the ensilage experiments carried on during the 
winters of 1912 and 1913 it was ascertained that the organism was viable 
at the time the silage was made, but could not be isolated after the tops 
had been ensiled for two months. A medium composed of somewhat 
diluted silage material was also inimical to the growth of the fungus. 
Detailed data will be published later in connection with the relation of 
Cercos pora beticola to ensiled beet tops. 


SUMMARY 


A typical spot of Phoma betae (Oud.) Fr. is light brown in color, 1 to 2 
cm. in diameter, and has scattered over its surface numerous pycnidia, 
at times concentrically arranged. Such spots on a normal beet plant 
usually appear during July and August on the old leaves near the ground. 
If the plant is physiologically low, all except the heart leaves may become 
infected. 

Phoma betae produces a characteristic infection on leaves that have a 
stomatal count of 60 to 100 per sq. mm. of upper leaf surface. 

The pycnospores of the fungus may be disseminated by such agencies 
as beet balls, wind, irrigation water, insects, and dung. 

The thermal death point of Phoma betae in the leaf tissue exposed for 
one-half hour to dry heat is between 80° and go° C. The fungus is dead 
in infected leaves after three months’ storage in soil in boxes exposed to 
outdoor conditions, while its life becomes extinct in leaves buried in the 
ground only after five to eight months, depending on the depth of cover. 
The fungus can not survive the process of ensiling the beet tops. 





PLATE XXVII 


An old leaf of a sugar-beet plant showing typical spots of Phoma betae. 
(178) 
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NOTES ON THE HYDROCYANIC-ACID CONTENT OF 
SORGHUM 


By J. J. Wm.aMAN and R. M. WEstT, Assistant Chemists, Agricultural Experiment 
Station of the University of Minnesota 


INTRODUCTION 


In the course of our work on the chemistry of Sorghum vulgare it was 
thought desirable to study its content of hydrocyanic acid (HCN) under 
Minnesota conditions. Many instances are on record of the poisoning of 
cattle from feeding on growing sorghum cane, and some of these cases 
have been definitely proved to be due to hydrocyanic acid, which occurs 
in sorghum as a constituent of the glucosid dhurrin (6).! 

The factors which affect the amount of this glucosid in the plant have 
received some attention. All investigators have found that it decreases 
as the plant matures. Maxwell (8) states that sorghum is not fed with 
safety until after the seeds begin to develop; Briinnich (4), that it should 
not be fed until the seeds are fully matured. Avery (2) says that the 
amount of hydrocyanic acid is greater in stunted plants, while Alway 
and Trumbull (1) found that yellow, stunted plants contained less of the 
acid than the green, vigorous plants in the same field» Maxwell (8) 
believes that the amount of the glucosid is dependent on the character of 
the soil, soils rich in nitrogen producing plants richer in the glucosid. 
Briinnich (4), in experiments with sodium nitrate in Queensland, found 
that the fertilized plants contained slightly more hydrocyanic acid 
than those unfertilized and concluded. that. heavy nitrogenous soils 
and favorable climatic conditions increase the amount of the acid. His 
findings were corroborated by Alway and Trumbull (1). Briinnich (5) 
also found that millet (Panicum miliaceum) behaved similarly to sorghum. 
Schréder and Dammann (10), in Uruguay, report an increase in prussic 
acid due to the use of sodium nitrate as a fertilizer. Balfour (3) noticed 
that plants infected with Aphis sorghi contained more hydrocyanic acid 
than uninfected plants. These are the main facts which have been 
published in the literature concerning the occurrence of a cyanogenetic 
glucosid in sorghum. 

Samples of the 1913 crop of cane grown on the farm of the University 
of Minnesota were analyzed about the middle of August, and the acid 
was found to be absent in all cases. As it has often been proved to 
persist in the plant to a later period, this result was considered unusual, 
and it was decided to repeat the work the next season. On analyzing 
a sample of plants 6 inches high, taken on June 26, 1914, hydrocyanic 








1 Reference is made by number to “ Literature cited,’’ p. 185. 
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acid to the amount of 0.058 per cent of the dry matter was found. In 
view of the inconsistencies found in the above reports and in our analyses, 
it was deemed advisable to study the question further, especially with 
respect to the production and distribution of the prussic acid in sorghum. 


EXPERIMENTAL WORK 


Two of the plots of sorghum grown on the university farm in rich, 
fertile soil were selected, and the second row of each was treated with 
dried blood at the rate of 800 pounds per acre. This left five check 


AGE OF PLANT IN DaYS 


—~~UNFERTILIZED 


———FERTILIZED 


PER CENT OF HYDROCYANIC ACID 





Fic. 1.—Curve showing the effect of available nitrogen on the hydrocyanic-acid content of sorghum, 
The percentage of hydrocyanic acid is based on dry matter. 


rows unfertilized. The fertilizer was applied on July 2, when the plants 
were about 8 inches high. Samples of the crop were taken at intervals 
thereafter and analyzed for hydrocyanic acid. At the same time six 
rows of sorghum (Early Rose variety) were planted in some very poor, 
sandy soil. The first row was left as a check, the second treated with 
dried blood at the rate of 100 pounds per acre, the third with 200 pounds, 
the fourth left as a check, the fifth with 400 pounds, and the sixth with 
800 pounds per acre. 

The six rows planted on the sandy plot of ground thrived very poorly. 
They were slow in sprouting, owing to dry weather, and for the first few 
weeks grew very slowly. The soil was too poor to support plant growth 
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adequately, and after about eight weeks of slow growth the leaves turned 
yellow and frosts came before the plants were well headed out. This 
condition, together with the use of the fertilizer, gave us an opportunity 
to study the occurrence of prussic acid in poorly nourished plants and 
to compare them with those having a better supply of nitrogen. 

In the samples from this plot the whole plant was ground up for the 
determination of hydrocyanic acid. In general, the cane in the rows 
which received fertilizer grew a little better than that which did not, but 
Table I shows that the increase in hydrocyanic acid is inappreciable. It 
can be detected only by comparing the average of the two check rows 
with the average of Rows V and VI, which received the heaviest applica- 
tions of fertilizer. This comparison is shown in figure 1, plot W, the 
dotted lines representing the average of Rows I and IV and the solid line 
that of Rows Vand VI. Ina measure these results substantiate the work 
of some of the investigators mentioned above, in that the soils with the 
better supply of nitrogen were found to have produced plants with a 
higher content of hydrocyanic acid. The difference, however, is very 
slight, and the findings of Alway and Trumbull (1) rather than those of 
Avery (2) are supported, for the reason that the stunted plants showed 
less hydrocyanic acid than the thrifty ones. In these plots the amount of 
the acid in the early stages was higher than in the plots having good soil 
(fig. 1, plots 30 and 35), but it persisted through a much shorter period 
of the plant’s life. 

TABLE 1.—Effect of available nitrogen on the hydrocyanic-acid content of sorghum 


[Percentage of hydrocyanic acid is reported on a dry-matter basis] 
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TABLE 1.—Effect of available nitrogen on the hydrocyanic-acid content of sorghum—Con, 


PLOT W—continued 





Percentage of hydrocyanic acid. 





























| 
| 
Row or plot and sample number. | Height. Age. — 
| Stalks. Leaves. | Whole plant, 
oe | | pms | aos -|- = 
Row V:4 | Inches. Days. | | 
Pe clk Sanat eneo ies pours 26 fa ROSE ent ae Pear ete 0. 068 
Wis se sce neemcws mtron wae 38 BD feveecav ces Bae ate - 045 
nL ee Oe RE ae 42 BO fesse see ee cles cceeeaes - O21 
aon ee eee Seg 59 Risley ok shes ene nen . 000 
Row VI: | | 
Be ote er trcen cane te ee 21 Ch ene ke cao . 095 
PSiis.ate Soon Rae eeaners 32 39 | TEE Be ROTI Oa Ie - 049 
i ess. sirnkciskes atbinseeeasaroteete 43 oe PRC Cicer ee . 000 
BR aisnaaites atic 40 BRales Acasa ccanlin eit on . 007 
Rt ee ean 58 a Bae Benet . 003 
PLOTS 35 AND 30 
Plot 35 (feterita) :¢ | 
+ oe Ce or eer 22 24 0. 077 MOre be ssekxsces 
MS cheek ethan coer awies 39 35 » 053 - 032 0. O41 
RP inickvesaniv anaes 57 47 - O10 . 013 . OIL 
OE Sone rs eee er o> 59 - 0068 - 037 - O17 
Bhai Sar Siparance ce beats tae als go 67 - 0009 - 033 . O17 
ORs. or bis hoks Clad swe 83 92 - 0000 . 008 . 0021 
Plot 35 (feterita):) | 
BA ween Rake sour 22 24 . 077 KORE uk condes 
BE Gs RS nite algae 36 35 - 065 027 . 040 
RAIN Se a Sore YES A 60 47 - 0047 - O15 . 009 
Risa asa a Gem Ore cee 81 59 .- 0068 - 037 - O17 
Sarr ener 89 67 . 0068 + 034 «O87 
AOC ETE RR Ene 85 92 - 0000 . 018 - 0035 
Plot 30 (Orange sorgo):¢ 
Men Ga tons @asseccus borate 29 25 . 050 . O19 - 033 
Ps. ns cee eaee-ce Cuenta BETA 59 43 . 000 - 042 . 020 
Wats Seis a Uses eS 102 58 - 000 - 005 . OOIT 
Se Ee ek 103 7° + 000 - 022 + 0034 
SS Eee Br ee eT eee 100 73 -000 | . O21 - 0022 
RT ORT So eee ee 96 92 .000 | - 0065 . OO13 
Plot 30 (Orange sorgo) :> | 
RCE orate: 28 25 050 | . O17 . 032 
RD ontne paises eeerateah 60 42 . 000 . O19 - 0093 
Berton pacaie ea as es 96 58 . 000 . O14 . 0038 
Be ais sottinele Revesreecones 105 70 - 000 . O16 - 0027 
Mavs teer ccs 'o maiseihn nce ees 95 73 -000 | . 0036 - 0005 
PE Kies css ous sien es 97 g2 .000 | . 0046 . 0007 








@ Fertilized at rate of 4oo pounds per acre. » Fertilized at rate of 800 pounds per acre. ¢ Check. 


In Table I are also brought together the analyses of the samples from 
the plots on the fertile ground on the university farm. Plot 35 was 
feterita, a variety of sorghum; plot 30 was Orange sorgo. In these experi- 
ments the leaves were stripped from the stalks, the hydrocyanic acid 
determined on each portion, and the percentage of the acid in the whole 
plant calculated on the basis of the relative proportion of dry matter in 
the leaves and stalks. In figure 1 the results for the whole plant are 
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shown graphically. Here, again, there appears only a slight difference 
in the hydrocyanic-acid content due to the added nitrogen fertilizer; but 
contrary to the effect shown in Table I and the curve for plot W, the 
slightly lower percentage of prussic acid was found in the plants from 
the fertilized row. In plot 35 the decrease is insignificant, and in plot 30 
the two curves cross each other twice. Taking into consideration the 
results from all three plots, it appears that on soils deficient in nitrogen 
added nitrogen will slightly increase the prussic acid in sorghum; but 
that with a plentiful supply of nutrients in the soil added nitrogen does 
not affect the amount of the acid in the plants. 

A plentiful supply of nitrogen in the soil will permit the maintenance 
of a definite amount of prussic acid at a given stage of growth; but it may 
be that this amount is not absolutely required and that if the supply of 


AGE OF PLANT IM DAYS 
« 30 40 50 60 70 80 90 





mom STALKS 


——~ LEAVES 


PER CENT OF HYDROCYANIC ACID 


a4 
02 


200 


Fic. 2.—Curve showing the distribution of hydrocyanic acid in sorghum. The percentage of hydro 
cyanic acid is based on dry matter. 


nitrogen is deficient the plant maintains the equilibrium of other nitrog- 
enous compounds at the expense of the prussic acid. 

Figure 2 shows the distribution of the prussic acid in the two varieties 
of sorghum, and an interesting varietal difference appears. The stalks 
of feterita contain in the early stages a relatively high percentage of 
prussic acid, and the acid persists in small amount through most of the 
life of the plant. The stalks of Orange sorgo, however, show less of the 
acid in the beginning, and it disappears entirely by the fortieth day. 
Both plots show an increase of the acid in the leaves during the early 
stages, and later a decrease; the acid in the leaves had not completely 
disappeared in this experiment by the ninety-second day. Evidently 
the cyanogenetic glucosid is related to the vital processes of the plant, as 
it occurs in the largest quantity in those parts of the plant which are 
most active photosynthetically and during those stages when the plant 
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is developing most rapidly. Treub (12) and Ravenna and Zamorani (9) 
are of the opinion that hydrocyanic acid is a necessary intermediate 
product in the formation of proteins. As such, the quantity present at 
any one time might be subject to such variation as this experiment 
shows. 

Further experiments will be carried on next season (1915) to deter- 
mine, if possible, just what effect variety and climatic conditions may 
have on the prussic-acid content of sorghum, as well as the function of 
the acid in the metabolism of the plant. 


METHOD OF DETERMINING HYDROCYANIC ACID 


For the determination of hydrocyanic acid the colorimetric method of 
Francis and Connell (7) was used, with one important modification. It 
was found that when the macerated tissue was distilled with sulphuric acid 
according to their method the distillate became yellow, and when sub- 
sequently treated with ferric chlorid a greenish or brownish precipitate 
was formed which masked the color of the thiocyanate. Enzym hydro- 
lysis was therefore resorted to. Slade (11) digested the ground tissue 
for 12 hours at room temperature, making use of the enzym which is 
always found in a plant in conjunction with a cyanogenetic glucosid. 
But we found that at 40° to 45° C. complete hydrolysis was obtained in 
two hours or less, as portions of the same sample gave the following 
results: 


Time of digestion. HCN in 10 gm. of ground material. 
A ARAM I ER PT RTS PR NNT SPR OR Ca ©. 00040 gm. 
MERRIE gs esasazkn @ o5. = Gio sas core OGAWA rare ao ainiNe cena > ohelegnora, abe ©. 00040 gm. 
WII oiionccsssiscssresic Aucnrae oraietrarerpawiew ara ne coe Women pelea cts ©. 00025 gm. 


In all our work 2-hour digestions were used, and the hydrocyanic 
acid distilled and determined in the usual way. 


CONCLUSIONS 


The following points may be presented as a summary of these notes: 

(1) When sorghum is grown on poor, infertile soil, added nitrogen may 
slightly increase the amount of hydrocyanic acid in the plant. With 
a fertile soil and abundant nitrogen this effect may not be produced. 

(2) During the first three or four weeks of the plant’s life the prussic 
acid is concentrated in the stalks. Then it rapidly decreases and dis- 
appears there, but apparently persists in the leaves in decreasing per- 
centages until maturity. 

(3) Climate and variety may be more important factors than soil 
nitrogen in determining the amount of the acid in the plant. 

(4) Complete hydrolysis of the glucosid is obtained by digesting the 
macerated tissue for two hours at 40° to 45° C. 
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EFFECT ON SOIL MOISTURE OF CHANGES IN THE SUR- 
FACE TENSION OF THE SOIL SOLUTION BROUGHT 
ABOUT BY THE ADDITION OF SOLUBLE SALTS 


[A PRELIMINARY REPORT] 


By P. E. KARRAKER, 
Assistant Professor of Soils, Kentucky State Univeisity 


While temporary research assistant in soils in the Michigan Experiment 
Station the writer had occasion to do laboratory work in which informa- 
tion was sought as to how far the effect of fertilizer or soil-amendment 
materials in altering the moisture condition of soil is dependent upon 
changes produced in the surface tension of the soil solution. 

The effect of the materials on the surface tension when in dilute water 
solutions was taken as an indication of their effect on the surface tension 
of the soil solution. The surface tension of the dilute solutions, together 
with their viscosity, specific gravity, and resistance in ohms, is shown in 
Table I. For comparison like expressions for pure water and for two 
soil percolates are also introduced. 


TABLE I.—Effect of salts on certain physical properties of the solutions 




















| 
Solution. | = | Resistance. po sa Lo — 
Pere = — | i) — 
Ohms. Dynes. 
WHEN 3. iy coc wseten com ecaeccwauny 1.0000 |4180, 000. 0 72. 00 I. 0000 
ONO ciccgnven tranoSemmewannwecanees— eeQmee 87.8 72. 33 I. 0049 
GRID oe eae carn eneceeeeeee centr I. 0059 65. 5 72.15 I. 0163 
PRMUINO @RURCE. iis cee tes sieves I. 0059 89. 5 59. 13 I. Ogg2 
1 ROR erertrtnc he err er ein ey I. 0070 57-6 72. 36 I. 0200 
DRG sein acceness ces eecuswunkyusanwadl nee 59. 2 72.2 I. OOII 
| A RR SOC een Cre COO err ti 1. 0080 82.0 72.29 I. 0132 
UPC U Oc ic cio kissin ke sone weeetes 1. 0060 222. 3 72. 36 I. 0207 
) ts) RARER re sore eerirs eer re I. 0099 71.8 72. 15 | 1. 0464 
Sandy-loam percolate. .................| 1.00257 224.0 70. 75 | I. 0595 
Clay-loam percolate. ..... 20.6 ccsccuse. I. 00293 190. 0 71. 18 | I. 0677 





@ Approximately. 


The solutions of the single salts were made by dissolving 10 gm. of 
Kalbaum’s chemically pure salts in 1,000 c. c. of pure water. The 
changes brought about here in the physical properties of the solutions 
very probably were greater than those which result in the soil solution 
from average field application of the salts. The manure extract was 
obtained by forcing out the liquid contents of approximately equal 
parts of fresh solid and liquid horse manure and then diluting to about 
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the resistance of the sodium-nitrate solution. The soil percolates were 
obtained by taking the first small portions of solutions percolated through 
500 gm. of previously air-dried soil in a percolator tube. The first 15 
c.c. were used from sandy-loam soil and the first 20 c. c. from the clay- 
loam soil. These portions were the densest percolates it was possible 
to obtain. 

All the single salts increased the surface tension to some extent, but 
in no case was this action marked.' The viscosity was also increased in 
all cases. Changes in the viscosity of the soil solution, while theoretically 
not affecting the final distribution of moisture reached, should, never- 
theless, alter the time required for this state to be gained. The small 
increases in surface tension noted above could hardly be expected to exert 
any appreciable effect on the moisture content of, or the moisture move- 
ment in, soil. In this connection the work of Whitney? in determining 
the effect of soluble salts on the surface tension of solutions, which has 
been used to show that fertilizer salts may exert a significant effect on 
the soil-moisture content or movement through changes in the surface 
tension, seemingly has been allowed more weight than it merits. The 
solutions used by Whitney were either very dense or else saturated, 
and as such gave changes in the surface tension that would not be com- 
parable with those arising from the field application of fertilizer salts. 
The surface tension of the manure extract was much lower than that of 
water. It is interesting to note that the surface tension of the soil 
percolates was but little lower than that of water. 

Information as to the effect of the materials on the soil-moisture con- 
tent and movement was secured through the following experimental work. 
Samples of the sandy-loam and the clay-loam soils from which samples 
for the soil percolates were obtained were weighed out. The sandy-loam 
samples weighed 660 gm. each, and the clay-loam samples, 580 gm. each, 
Fifty c. c. of the dilute water solutions above described, omitting the 
two soil percolates, were added toeach sample. This is at the rate of 1,000 
pounds per acre of surface, with the exception of the manure extract. 
The treated samples were air-dried, mixed, and put into glass tubes 
6 cm. in diameter and 20.32 cm. in height. In each case the samples 
were packed into a volume of 505 c. c., making a soil column approxi- 





1 Values for the surface tension and also for the viscosity of these salts in some cases of densities not far 
removed from that employed here have been determined by a number of investigators in pure physico- 
chemical lines. (See Castell-Evans, John. Physico-Chemical Tables for the Use of Analysts, Physicists, 
Chemical Manufacturers, and Scientific Chemists ... v. 2, p. 756. London, 1911.) The results given 
here are not presented as affording any essentially new information along this line. ‘The work was done 
largely for the purpose of establishing the accuracy of the work to follow on soil percolates and manure 
extract solutions. 

The drop method was used in the surface-tension work, employing the dropping pipette (stalagmometer) 
of Traube. (See Abderhalden, Emil. Handbuch der biochemischen Arbeitsmethoden. Bd. 5, T. 2, p. 
1358. Berlin, Wien, 1912.) 

2 Whitney, Milton. Some physical properties of soils in their relation to moisture and crop distribution. 


U.S. Dept. Agr. Weather Bur. Bul. 4, 90 p. 1892. 
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mately 18 cm. in height. The columns were saturated with water, 
sealed at the tops, weighed, and placed on an air-dried sandy-loam soil. 
From time to time they were removed, weighed, the moisture content thus 
determined, and replaced. There was no covering over the bottoms of 
the tubes, so that the soil columns were in direct capillary contact with 
the dry soil underneath. The amount of moisture in this undersoil 
varied from 1 to 3 per cent throughout the experiment. The treatments 
were run in quadruplicate with each soil. In addition to the treatments 
already mentioned, there were four check or no-treatment columns with 


MARCH APRIL MAY = SUNE SULLY 
4 8 6 9 4 24@ 8 29 2 26 0 2 






193.0 8 4 6 
WATER 1 CHECH SO/LS (AVERAGE GMS) 


Fic. 1.—Curve showing the differences in the moisture content of treated and check sandy-loam soils. 


each soil, and likewise four columns to which 2 gm. of calcium carbonate, 
at the rate of 4,000 pounds per acre surface, had been added. 

The differences in the moisture content throughout the experiment 
bet ween the treated soils and the check soils are shown inthe accompanying 
curves (fig. 1 and 2). Here the amount of water in the check soils is 
represented by a horizontal line and the increase or decrease of water in 
the treated soils over or under this by distance above or below these lines. 

The effect of the treatments on the moisture content or water-retaining 
power of the soils is summarized in Table II. 
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TABLE II.—Effect of various fertilizer salts on the moisture content of soils 

















Water-retaining power. 
Treatment. 7 = rN 6 sae — = = nies 
Increased with— | Not affected with— |} Decreased with— 
ae TSC Lo (ae aa ear 
Rh ite wa Sol sien apc, onal (cay oleh eacaias alee tal ee 
LS a iy eg Poe Sh AR io pea sae 
at SGamd@y loam. ....)......6.00c0800: 
NaNO, Terr rr a eee Eee ee \Clay loam » el (eee ey 
aC ee ane ser Pee 
NACL... sere eee cece eee ee eee oo eceagnil ep a ie 
aC {Sandy loam... .| 
1" C0 Aig OR RL Oe NERD iy) ie Rrd ea Oat aro PRE AAS, \ciey am. | 
’ Sandy loam.... 
2 6 a ee Keiay oe) 
BM re se esis astay vine adinee cd eathianes ahs mei | Clay loam. ....| Sandy loam. 
ER ie caks oo vs sKa Viana sien wEee aE | Clay loam. ....} Sandy loam. 
A: a rere er *| COMER mem neat Clay loam. ....| Sandy loam. 
MARCH APRIL MAY SUNE SULLY 


3/ / 3 é 3 4§ 24 8 29 2 26 /0 6 


SPACE BETWEEN TWO AQSOIING HORIZONTAL LINES «*/0 GATS. 





° 2 1935 (867 (786 17245 1614. 1§02 SWZ 1320 123.2 HBS 
WATER /VV CHECH SOULS (AVERAGE 6MS) 


Fic. 2.—Curve showing the differences in the moisture content of treated and check clay-loam soils. 


It has already been said that the effect of the single salts on the surface 
tension of the solutions was too small for any measurable changes in the 
moisture condition of soil to be expected from this source. In the case 
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of the manure-extract solution, however, there was a marked decrease in 
the surface tension, but this change evidently exerted no apparent effect 
upon the moisture content of the soils treated with the manure-extract 
solution, for these soils showed an increase in the moisture movement 
rather than a decrease, which would have resulted from any noticeable 
action of a decreased surface tension. 

The fact that the treatments which influenced to any extent soil- 
moisture content or movement are those known to have a marked in- 
fluence on the physical structure of soils points very strongly to the 
conclusion that herein lies the effect of the salts in this regard. Some 
information as to the effect of the treatments on the physical structure 
of the soils in this experiment was obtained by the following work. At 
the close of the moisture work the soil columns were removed from the 
tubes and allowed to air-dry. Those found to be intact were selected 
and equal lengths of the columns, 214 inches, were removed from their 
lower ends. The resistance of these sections to a crushing force was 
determined. The results are shown in Table III. 


TABLE III.—Resistance of sections of the soil columns to a crushing force 


SANDY LOAM 























| | | 
Treatment. | Resistance. | ——_ Treatment. Resistance. | SS. 
| | 
oi | - | —_ 
Kilos. |  Kilos. Kilos. |  Kilos. 
INO s oicisa es ceine s 19. OI 19. QI || yy 12. 68 | 
1.) eee 16. 48 | 16. 48 | RySO4. «0+ oe ee ove 12. 98 | 12. 83 
a a 16. 36 | ‘ lx 13. 06 | 
Manure extract. .. { << ch i IG SWS < ccacvecnenns { ae | 12. 54 
: 14. 25 | - of Il II. 97 
NaCl........0..+: { 16. 31 } 3g. 28 | Cab (PO,)s....-- 12. 51 | 11. 96 
{ 14. 87 | II. 39 | 
2 9 Se | 15. 37 14. 24 | 
| 12. 47 
CLAY LOAM 
see a ikagecceeacoala 7 ‘i i ~ 
2.78 . 73-27 
Na,CO, { on a8 \ QI. 43 ome 75. 81 adi 
POON aia a x00 00's: 88. 81 | 88. 81 alah cic beiak, 73. 27 — 
86. 83 | aie 77.24 . 
" 82. 80 | i PAGO cl ecancvenss 68. 68 | 68. 6 
NaCl. ......0000. wolf **?iga............. 67.88 | 67.88 
86. 83 | 67. 00 | 
F } 895-73 | K,SO, er 67. 09 67. 56 
CGE ciciciccecis<s] \ 8. as. 80. 37 68. 60 
| 79. 78 
(NH,)2SO,........ 74. 08 75. 87 
| 73-75 | | 
| 














A comparison of the order of treatments here with that in Table IT, 
in which the effect of the treatments on moisture content or movement 
is given, shows close correlation between the two. Treatments which 
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detrimentally affected the structure of the soil and made the soil more 
close evidently retarded the moisture movement and increased the mois- 
ture content, while treatments which promoted the soil structure and 
made the soil more open hastened the moisture movement and decreased 
the moisture content. 

The results from the work presented in this paper indicate that changes 
in the surface tension of the soil solution arising from application of 
fertilizer salts are of no importance in affecting the moisture condition 
of the soil. 





